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A VARIETY of circumstaiices — amongst others the length- 
ened and serious illness of the Editor— has prevented the 
'earlier issue of the present volume of " Engineering Facts 
and Figures." While, on some accounts, this delay in its 
issue may be deemed matter for regret, it is right to say that 
it does not in any way lessen the practical value of the worl;. 
although, as pait of its plan, it takes up and records the 
published experience and facta of the year, this experience 
tnd those facts do not partalie of the ephemeral nature of 
Fhat may be called " news of the day," but possess, on the 
contrary, the valuable characteristic of permanent vabae. It 
thus that the records of any one year may be consulted witli 
idvantage long after their issue, dealing chiefly, as tbey do, 
with principles and details of practice applicable at all times. 
It is doubtless so far advantageous to have a regular issue; 
mil, to secure this, arrangements have been made for future 
lumes; for present failure in this reject it is to be hoped 
lat under tbe circumstances the consideration claimed will 
idily conceded by the reader. 

the numerous and gratifying evidences which iiave 
time to time been obtained from various quarters — 
{torn the press and from private sources— with res^eit 



to the first volume, the Editor has been confirmed 
estimate of the practical purposes which he believed it ' 
and still believes it will, serve. For the suggestions 
he received he is gi-ateful, and some of them are eml 
in the present volume. At the same time, in view 
class of suggestions which have been offered for hit 
sideration, it is deemed necessary here to repeat wh; 
stated in the preface to the first volume, that the w 
7iol designed to embody the opinions of the Editor. 
is wanted, he believes, are opinions of those who, eitl 
their theoretical investigation or by their practical ' 
are enriching the art and the practice of engineerinj 
which opinions have teen publicly recorded. Snc 
ginal remarks, then, given here and there in the i 
of the work, must be taken for what they are wortl 
must be looked upon as introductory to, or corrobc 
of, those of others, and as in no way interfering wi 
to be taken as substitutes for, the recorded opinions i 
thorities. Scattered here and there throagh the paj 
publications issued both in this and in other eountrie 
therefore not always within the reach of practical men, 
opinions of authorities, and their detailed experieni 
practice, find in some measure a permanent and re 
accessible position in the pages of a work like the pi 
and which is therefore calculated — as it is believed 
projectors — to be a valuable companion to the worksho 
study of the practical man. Nor is it out of place h 
record the gratification with which they have receive) 
roborative evidence of this from so many and such infl' 
qnartera. 

In the present volume a few papers are given which 



Illun the period of time named in the title-pa^e : but 
Bthough post- and in one or two instances ante- 
Here thought to be of suoh importance that a pjace for 
we waa deemed necessary. For the matter of tliese 
he other papers of which the volume is composed, 
or has to acknowledge his special obligations to the 
[ Journals published in this country, all of which 
[ncted with admirable ability, and contain a vast 
S valaahle facts and papers. He can only regret 
^mitfid space at his disposal has prevented him from 
ithe attention of his readers to other subjects dis- 
B their pages: — The Engineer; the Mechanics' 
B; the Practical Mechanics' Journal ; the Engi- 
S Architect's Journal ; the Building News ; the 
■-the Chemical News; the Scientific American, pub- 
^ew York; and the Transactions and Keport.s of 
jtiSc Societies and Associations. 
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DIVISION FIRST. 



3 AND VESSELS FOR CONTAINING STEAM AND OTHER 
FLUIDS PKDEK HIOH PRESSDKE. 

1. The engineering year, of which the following pages are a 
w»M, oifera in this department of its labours more, perhaps, of 
novelty, if not of practical utility, than was offered by the year 
"hich has passed, foi the consideration of those interested in the 
improvement of certainly not the least important appliance of 
ittiam-engine mechanism. It has been one of the chamcter- 
irtio features of — as some, indeed, have deemed it to be a 
hproach to — moilern engineering, that while the most pointed 
'tttention was paid to the steam engine, the impi'ovement 
'CfolJ, the bringing ont of altogether new forms, and the per- 
tcting of their details, aided by the finest and moat accurate 
itorlnnanship attainable by a system of workshop economy and 
machanism remarkable for efficiency, comparatively little atten- 
Son wftB paid to the Boiler, upon which the operation of 
'the engine depended. This reproach, however closely it may 
'lave been. — as we do not, howevei', hesitate to say it was — ap- 
liticable to steam-engine boiter-m alters at a period dating but a 
Wy few yeaiB hack, is, we are glad to say, not existent or, if 
tinting, only so in a greatly lessened and modified degree. The 

I.on-senae view of the matter, so long ignored, has at la&t 
taken up and carried out more or less couipleteV^ \i^' ftvoaa 
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interested in the improvement of steam- engine n 
view wliich maintains it to be an inversion i 
ciplea — no less correct in the physiology of the steam engina ti 
■n that uf the hnnian body — where every attention is pud 
the arrangement and construction of the body, while the Itu 
upon which it depends for life, are left altogether, ot nea 
uncared for; for as the lungs to the human eystem, 
boiler to the ateam engine. This return to commona 
ciplea waa sore to result — as it has, indeed, already to a It 
extent resulted — in a close and philosophical attention be 
paid to all the circumstances ot principles affecting the fcsn 
boilers, the materials of which they are constructed, and to 
best, the safest, and the most economical i 
them. But while much has been done, there is doubt 
much yet to be done ; more, probably, than aome may 
disposed to admit, if the dictum bo true, which i 
universally held by competent authorities, that " th 
aion of a boiler is rather due to the weakneaa of the bo 
than to the atrength of the steam contained in it;" a 
put by Mr. Eobert Stephenson, "There are but few I 
which do not exhibit undue weakness in some part of the boil 
That this, it must he confessed, rather unsatisfactory o 
of matter exists, need not, Jowever, be wondered at, if we« 
aider, what, indeed, ia too often lost sight of i 
of the question of boiler improvement, that the lilngineei In 
deal with a variety of conflicting circumstances which comfti 
operation in the practical working of boilers, many of which # 
scarcely have been expected to occur, and the causes of whie& 
occult, being utterly beyond the reach of ocular inspection, 
jecturea as to causes of explosion are in many cases a]I fbi 
left to the Engineer, and where doubt exists because oertaiql 
not within reach, it need not be cause of wonder that, like ' 
tora in similar circumstances, Eiiginetrs differ, and differeno? 
theory lead of necessity either to tardiness in improvement tf 
[ tincertaiuty of practice. It is to be hoped, however, that iri 
I Bt present darkness ia, or, at bast, but a feeble and faint g 
mering of light, the full flame of scientific truth will ai 
leading, as a highly-to-be-wished-for result, to precisian ia p 
^M^^^ft. ptneaot, uufortua^«ly, bhi ~ ~ 
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and oftdn baffled, by " a very complex tram of mechani- 
chcmical, and phyaioo-ehemical forces," which lead to the 
■ irioration and consequent destruction of a steam boiler ; anil 
probable that no other metallic stTuuture is subjected to sueh 
^■ioated eonditiont." The reader, then, will join with us that 
be a useless, as we think it ia impossible to be otherwise 
an interesting, task to glance as briefly as may be at the 
results of the inquiries and practical labours of Engi- 
men of science interested in the real progress of this 
most important department of enginoeriug economics, results 
"Which have either been published through the medium of our 
ahiy-conducted professional papers, or through that of the transao- 
tioiu and journals of our loading scientific associations. To 
aiil iu this task, and to give ua all the benefit of a ready refer- 
ence, we purpose to throw these published results under one or 
other of the following heads: — a. Forms of Boilers; the theoreti- 
cal and practical considerations affecting them, h. Materials ol' 
wMeh Boilers are made; their nature, strength, and economical 
pncticid application, c, The working and tenting of Boilets. 
i Tie exploeion of Boilers ; and lastly, e, the Customs and Legis- 
lative enactments connected with the use of Boilers on land and 
lea, Iu accordance, then, with this arrangement, we take up 
the consideration of 

2. a. Forme of Boilers; the Theoretical ami Practical Con- 
sidanUiona affecting t/tum. — The greatest novelty of the year we 
are recording — if not, as named by some authorities, the greatest 
novelty hitherto introduced into boiler engineering — is the Cast- 
iron Sphere BoOer, the invention of Mr. Joseph Harrison of Pliila- 
delphia, United States. It is scarcely necessary to inform th« 
practical reader that the marked tendency of modern engineering has 
been to increase the pressure of the contained steam in Boilers — a 
tendency which, more than any other cause, probably has forced 
OH improvements, or attempted improvements, in boiler construc- 
tion. From a pressure, for instance, of 50 lbs., at wliicli, in 
1830, the locomotives of the Manchester and Liverpool Railway 
vorked, the increase has been gradually progressive, till it han 
now reached the usual pressure of 130 lbs., and the occasional 
one of 160 lbs. ; while for land engines a pressure of 100 lbs. is 
JK-ao itteaaa unconunoa, and is likely aoon to be B\iyinfiA«^\q 
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liiglier. It baa, tlien, beea tlie aim oi Engineers h 
mast the demand fur a great] j-moreased pressure of steam bf 
forms of boilers calcalated safely and economically to raise 
and amongst those dbtiiiguiahed for the experiments they c 
fuliy made, ia to be named the gentleman allnded to aboveL 
far the most complete account yet published of the* form o 
boiler invented by Mr. Harrison is that from the pen of ZeiA 
Colbum, Esq., C.E., reail before the Listitution of Mec 
Engineers, in May 1864. and of whi^^h we give the followingal 
stract: — " It was the object of the inventor, Mr. Joseph F 
son, of Philadelphia, U.S., to provide great strength against b 
ing, and to obtain also a lai^ extent of beating surface in pnh 
portion to the weight and external dimensions of the boiler. ." 
was important, moreover, to obtain perfect circnlatioB for 1^ 
water. An experience of several years in America, and forn] 
wards of two years in London and Manchester — in one case wil 
a boiler supplying steam to the extent of 200 indicated bons^ 
power — has proved that the-se objects, as well as otlier impottari 
advantages, have been secured. It will not be necessary to di 
scribe nov? the forms which the parts of the boiler received ix 
the earlier experiments several years ago, but these led to tt 
adoption of hollow cast-iron spheres, connected by hollow neofc 
and secured together by bolte. Eocb of the castings includesfiil| 
spheres, each 6 inches in external diameter, f the of an inch thilA 
and coniiecteil by necks of 3-inch opening. Each of these orf 
iugs is called a ' unit' Each ' unit' of four spheres baa ei^ 
openings, 3 inches in internal diameter, the edges of tbese OfB 
ings being faced up to a true surface so as to bear iaiily upond 
I eorresponding facedsurfacesoftheadjoining 'units.' EadijcA 
I haaashoulder and socket, so as to 'steady' the units in their pJ 
ft&nd ateani-tight caps are provided to cover the external openii^l 
Sfhile the whole series of units, forming a slab of rectangular^ 
Eetiiei form, are held together by bolts of 1^-inch diameter, tbB 
ftbolts passing inside the ' units,' and through the water or sU 
' ieU they ountain. Although the arrangement is simple, it ii 
IS better understood from the drawings (not given here), and £es 
VtliB nnits exhibited to the meeting, than from a purely litv 
' ition. Each slab, of wlatever number of units it may I 
Lnay be regarded as a separate vessel, throughout 1 ' 
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the water or steam can circulate fieeiy, both verti«ally and longi- 
tudinally. Any number of slaba may be placed side by aide in 
the same fiieplaca, and they are connected together by a feed 
water-pipe at the bottom, and by a steam-pipe at the top. There 
are eight slaba in the width of the boUer. The water level ia 
usually maintained, so that about two-thirds of the whole number 
of spheres will be constantly filled with water, the remainiug 
spheres forming a stenm space. The full force of tbe heat ia 
not allowed to come upon those of the spheres which contain 
only steam, but small fire-brick screens are so placed between 
the slabs a little below the water level, as to confine the direct 
action of the heat chiefly to the spheres filled with water. The 
upper spheres are at the same time enveloped in en atmosphere 
80 hot as to ensure the complete drying of the steam. The slaba 
m fixed with an amount of inclination, in the direction of their 
length, suifleient to ensure the camplete draini^ of all the spheres 
when the boiler is blown out. This inchnatiou serves, at tbe 
•aine time, to bring the largest boiiy of water to where the action 
of the heat is most direct, and to provide the largest steam space 
DVer that part of the boUer where ebullition ia probably the least 
Ktive, The earlier experiments have shown that, although the 
' units ' may be bolted together into slabs of a total length of even 
30 feet, a. length of 9 ieet is preferable, as the strain, upon the 
holte is correspondingly less, and as, in the latter case, there is 
no observable tendency to sag, the complete tightness uf the joints 
iby insured. 

spheres weigheaoh about 2 2i lbs., a 'unit' of four spheres 
ig rather more than 3 cwt. Thus there are, as nearly as 
;!», one hundred spheres to the ton, and it has been the hnhit, 
'&r, to rate the boilers by their weight, as a 4-ton boiler, aii 
boiler, &c The nominal horse power of the cast-iron 
may be generally taken as three times its weight in tons. 
a 10-ton boiler may be rated as of 30 nominal horse power, 
experiments it appears that a boiler of this weight may 
upon to evaporate 40 cubic feet of water per hour, 
iding to about 80 indicated horse power. Eiich sphere 
pints of water, a 'unit' of four spheres containing 
<i gallons. The external surface of each spliere is rathei wiOTft 
IJM I J square foot, and the internai surface a littVe laote Wa.'o. 
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1^ square foot. In imind numbers it may be said that each 

sphere presents a square foot of heating surface, and containe a 

gallon of watev; while a ton of 100 spheres represents threo 

nominal horse power, the proportion of weight to power I 

about the same as in Lancashire boilers of the orJinary type. 

" It eannot be said that cast-iron is, in itself a strong n 

boilers, yet it will appear that, in the form already described, it 

[ affords greater absolute strength against burating than is 

by any form of plate-iron boiler now ia use. Tlie 'units' 

oast upon green sand cores, so placed that they cannot alter their 

I position in the flasks by any force short of what would be snffi- 

I cient to orash them to pieces. The thickness of metal in Hia 

I spheres is, therefore, everywhere uniform, as has been proved by 

I breaking great numbers of 'units ' taken at random. In a unit of 

' four spheres, each sphere having an internal diameter of 7^ inehet^ 

the whole area of the plane in which a bursting pressure would 

ot is 320 square inches, while the least section of ir< 

his pressure, in the same plane, is 27J square inches. The imn 

mplojed is an equal mixture of Glcngamock, Carnbroe, and at 

a mixture selected for its free running quality, and which ii 

used for small machinery castings. Its tensile strength may ti 

safely taken as 5^ tons per square inch. At this rat«the buir^ii;^ 

strength of the units would be 1,540 lbs., or nearly 14 owt. pa 

square inch. The first exjierirnents actually made to teat t)u 

bursting eti'ength of the units was made upwards of two ] 

ago, in Brussels, at the request of the Belgian Minister of Fubli< 

■ Works. In this case a pressure of 98 atmospheres, or l,i40 Ibe 

■ i|ier square inch, was applied. This was as high as the foiM 
Kmmp employed could go, hut the spheres were not burst Whoi 
Kecently in Manchester, the author desired that a further seiisi 
■Df experiments might be made with the same object. The ai> 
^pmgements for this purpose could not he completed before lu 
Hras compelled to return to London, hut Mr. Beyer kindly Blloir«(l 
■fiia experiments to he made at the Gorton Foundry, and he dfr 
Bnited Mr. R. H. Burnett, then engaged in that enU 
^nt who is now Locomotive Superintendent of the Metropolitra 
^Kulway, to conduct them. The first of these experiments need 
^■jt bd recorded, as it was made with a hydraulic press gai^ 
^fc^MMip to t long par aguate inch, but which w&a asbt 
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quently found to be most incorrect. A hif;li-preasure gauge of 
Schatfer and Budenberg's, graduated to 1,000 lbs., wa^ then 
attached to one of the units to wbich the caps !iad been accurately 
ftround, and a water pressure was then applied by means of a 
force pump. The pointer of the gauge passed the 1,000 lbs. 
mark to an extent indicating from 1,150 lbs. to 1,200 Iba., but 
the spheres did not burst. The Sohaffer gauge was then com- 
pared with a Bourdon gauge, marked to SOO lbs., and up to this 
point the gauges i^eeii within 10 lbs. per square inch. From 
It calculation of the weight applied to the force-pump lever, and 
from the dimenaiona of the putnp, Mr. Burnett estimated that 
I the total force applied was about 1,470 lbs. per square inch, 
1 Another casting of four spheres was afterwards tested in the eame 
wiy, the pointer of the Schaifer gauge passing far beyond the 
1,000 lbs. mark. In this instance, three men instead of two, 
ra in the first trial, were put to work the pump, but the spheres did 
not hurst. The castings were suhaequently broken with a sledge, 
and showed a uniform thickness, and a good qnality of iron. 

" A safety-valve was then arranged with the intention of aacer- 
tsinmg the bursting strength of the spheres. The valve was 
»qaare J inch on a aide, and therefore of ^th square inch area. 
Its head was 1^ inch in diameter, and was ground carefully to 
ila seat. The spheres wera burst at a pressure calculated at 
1,850 Iba. per square inch, but on comparing the safety-valve 
with a pressure gauge, it appeared that water must have worked 
its way over the ground seating of the valve, and that the true 
pressure could have hardly been so much. The seat of the valve 
wag then turned to a diameter of |^tha of an inch, and the spheres 
were bnrst at a calculated pressure of 1,660 iba. per square inch. 
Evan here it was found that some water must have worked under 
tiiei^lve seating, thus exerting its pressure upon an area greater 
than one-fourth of 1 square inch. The experiments with the 
Mfelj-valve were not, therefore, altogether satisfactory, but there 
speared no reason to doubt that the bursting pressure was nut 
In short <if 1,600 lbs. per square inch. All these experiments 
WBto made upon castings having their covering-caps ground care- 
fbUy to them, and the bolts were only about 9 inches long be- 
tweoa the caps covering the opposite openings of the units. When, 
however, a slab of perhaps 100 spljerea is bolted to^ftlVeT, 'Otva 
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bolts being upwards of 9 fuut in lengtb, tbe application of a fitraia 
considerably below the tursting pressare bo stretches tlje I 

e the joints to open eveiywhere and relieve the presatim 
In this way every joint becomea a safety-valve. This nevef 
occurs witb auy practicable steam pressure, but it did take placB 
" 1 many of the earlier experimenta made to burst the sphenq 
although leakt^o seldom commenced until a strain of nearly pi 
quite half a ton per square inch had been applied, 

" All these esperimeats were mode with new castings, and id 
the time they were made no other spheres could be had whral 
bad been more than twelve months in use; and the condition-d 
these was clearly the same aa when new. It would appe 
therefore, that the boiler now described possesaea the ai 
of safety under a pressure of 235 lbs. per square inch as a 7-hdt 
Lanoashira boiler under a pressure of 50 lbs. If, however, ( 
1 of the units of the cast-iron boiler should burst, it could not dc 
u empty itself and open one or more S-iuch apertun 
into the units adjacent to it If, however, an ordinary boilo^ 
containing, say, 20 tons of highly-heated water in one oomp 
ment, should burst, the consequences would bo most disastn 

" Mr. Harrison had, from the first, counted upon entire f 
dom from corrosion of the spheres, and the experience thna & 
has borne out this anticipation. Cast-iron, as is well tenon 
endures much better than wr»ught-iros under the action of Sm 
water, and other corrosive influences. It need hardly be H 
that plate iron would, if employed for gas retorts, be immediaM 
L burnt through, yet until the iutroduction of clay retorts, cost-iij 
answered very weil. The pipes for beating the blast of Vb 
furnaces were originally made by Mr. Neilson of plate-iron, b 
although the blast was then heated to but 3S0°, it became il 
mediately necessary to resort to cast-iron heating- pipes. "" 
rior durability of cast-iron forge tuyeres, especially i 
8 hoUow and lined with water, is well known. Mr Jafe 
s engineer to Messrs. Thomas Bichardson & Sons, of Holt 
1, has employed cast-iron superheaters with much auccMa,« 
a informed the author that four superheaters upon his p 
1 board the steam-colliers Berwick, Killingworth, "Wtt 
iEaii ot liilgin, showed no sign of corrosion vht 
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October laet, after four jears of itlmoaC constant aer- 
Tiee. Me. Jafirey's assistant reported to him that the super- 
ktters ' looked almost as well as on the day they were put in ; 
there waa not the slightest sign of external cunoGion, and the 
Then cleaned, looked like new castings. The cast-iron 
of the Earl of Elgin are just the same ; the heat doea 
• have taken any effect on them.' Mr. Jaffl^y adds, 
quite satisfied in my own miml as to the value of cast- 
here a strong heat is applied, as these and kindred instances 
In the case of the HarriBon boiler, many castings have 
purposely removed and esamined, but their weight is the 
when they went in, and the joints show no degradation 
of their original surfaca 

" The point in connection with the boiler now described, which 
cuued most apprehension in the first instance, was that of main- 
tiining a clean surface within the spheres. The cast-iron hoiler 
UMj be said to belong to the family of water-tube boilers, or those 
tiaving small wal«r cells. The water-tube boiler is at least sixty 
yBacs old, for Aitliur Woolf fitted one in Meax'a brewery in 
London in the year 1804, In the same year, John C. Stevens 
ufNew York worked a small screw steamboat on the river Hud- 
•pn, the engine of which vessel was made by Eoulton & Watt, 
while the boiler had eighty-one water tubes 1 inch in diameter 
and 3 feet long. Prom the first, however, watur-tnbe boilers have 
{[saenilly failed on account of defective circulation, and from the 
difficalty of keeping the tubes &ee from internal deposit. Many 
attempts have been made to remove this difficulty. Mr. William 
fieory James long ago proposed to employ circulating pumps, 
in addition to the ordinary feed-pump, to maintain a constant 
circulation of water through the tubes. The boUers of the first 
American steam fire-engines were thus constructed, and Mr. 
Spencer, and Mr. Russell some time since, gave descriptions of 
mch a boiler to this Institution. Other forms of water-tube 
boileis have been made with diiferent means for promoting a cir- 
culation of the water, but in all cases the whole of the inorganic 
matter contained in the feed water must remain in the hoiler, 
tmlees it be blown on while working; and in the cose of some 
•site held in solution by ordinary holier watei's, these are inevi- 
iiTBinovably, deposited upon some pwl oi 'Cna 
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internal surfaces. The Hamaon boiler forms no exception t 
the genera! experience in this respect The water with v' ' ' 
MeBsra. Hetheringtons', and, indeed, most boilers in Manchester, 
are fed, is such as to form a hard scale, J-th of aa inch thick 
after a few weeks' time. A tool had been contrived with at{ 
scrapers, so hinged, that it might be entered through any of tl 
openings in the cast-iron boiler, and be then forced out to tl 
internal t,ircuniference of the epherea Ej then working tb 
tool within the sphere, the scaie woald be removed, so that i 
could afterwards be blown ont. Unexpectedly, however, i 
occasion has arisen for the use of this tool. It was found tfaj 
the supply of steam continued good without it, and that no 
of the spheres were overheated or leaking. The boiler was lej 
larly blown out at the end of every week. After ten mon^ 
work it Tvas desired to increase the boiler power at Mesa 
Hetheringtons', and as the lai^e cast-iron boiler then in use tht 
was formed of units having oi^ly two spheres each, it was thong 
beat to replace it with a new hoUer having four spheres in ea 
unit, with the exception of those employed for breaking j(A 
which had two spheres as before. On taking down the C 
boiler Uttle or no scale was found in any of the spheres, sen 
of which, in the same condition as when taken down, are i^ 
exhibited tji the meeting. . . . The fact that the sphetM') 
the Harrison boiler shed their scale is not referrible, therefore, tefi 
material of which they are made. It might, perhaps, be ai) 
that the water is occasionally driven from the internal snril 
and that the consequent expansion of the spheres, and t 
subsequent contraction on the return of the water, would ai 
for the loosening and breaking of the scale. Butthefll 

"deuce — as in this case they might be expect 
rf the irregular action of the fire, and, too, those of t' 
fwhioh ace placed far behind, whore the action i 
'lllodeialed, are equally free &om scale. It appears t 
probable that, as the spheres expand at all parts, and, i 
ioCmttBot equally at the same parts, the scale i 
mtshed in this process of contraction. If thisconjectn 
rect, the unexpected separation of the scale may be atti 
the form and dimensions of the spheres themselves. 

may be qffeiQd, it is certain that, with I 
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and with such as gives much troable with other boilers, the scale 
I breaks freely off, and into ataall pieces, in the cast-iron boUer 
now described. This ia, perhaps, one of its most valuable pro- 
perties; but it was quite unforeseen. It would not be prudent 
to anticipate the result in the cose of the application of the Har- 
a boiler to marine pnrposes; but with all the land boilers 
upon the plan now described, it has been found that, with a 
blowing off once a-week, they may be worked indefinitely without 
any formation of scale. The doscription already given will show 
how readily the cast iron boiler may be laid open for examination, 
md it was recently thought expedient to open the large boiler at 
Meeara. Hetheringtons' for this purpose. A email qnantity of 
nd broken scale — perhaps a tablespoonful — was found in 
each of the spheres examined, but their internal surfaces, so far 
« they could be seen, were entirely clear. 

" The evaporative efficiency of the cast-iron boiler depends, as 

ib the case of all other boilBre, upon the amount of heating sur- 

ice exposed in proportion to the consumption of a given weight 

ri fuel in a given time. The boiler, by which Meaara. Hetbering- 

lotis' works are now driven, supplies an amount of Bteam which 

• single Liincasbire boiler, 7 feet in diameter, 30 feet long, and 

WBighing li tons, was found inadequate to produce. Both the 

wiginal and the present boiler are in connection with a chimney 

465 feet high, and which affords an excellent draught. The 

Imcaahire boiler had two flues, 2^ feet each in diameter, and 

Qnki^d at the fireplace to 3 feet. The area of the fire<bars whs 

hi 3S square feet, and the total run of the heat was 90 feet in length. 

Bie caatr-iton boiler now in use has about 1 800 spheres, we^hing 

18 tons, and presenting about 1,600 square feet of surface in the 

*at«r spheres, and about 700 square feet in the steam spheres. 

.,- the area of fi.re-grate is 33 square feet The usual quantity of 

*ater carried is 147 cubic feet, or rather more than 4 tons, the 

mtity usually carried in the former Lancashire boiler being 

"f 20 tons. The external dimensions of the present boOer 

aiderably leas than those of the Lancashire boiler formerly 

Eather more than 3 cwt. of coal are now required 

J 60 lbs. of steam from cold water, and the time occupied 

t half-an-hour. .... 

Pta conclusion, it is believed that the boilei: no'w deacYftiei 
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pa8de!»68 several important advantuges. It is believed to bo sm 
aoiutely secure from exploiiioii, and, so far as experience has gOMl 
free fram any liability to choke with scale. It is durable, eaaJM 
taken apart and put together, and it may be erected in abnoafl 
any focni, adapted to that of the epace in which it may be neoen 
eary to place it. The parts are very portable, and they may iM 
taken throuyh any opening where a boy can pass. Any part of M 
boiler upon this conatniotion anaj be reailily renewed if necessary, 
and an existing boiler may be at any time readily enlarged, and 
to an indefinite extent, by adding to the cnmbei of slabs eitjier 
at the sides or at the back The economy of the boiler in first J 
cost ia obvious, and with proper proportions between the &»M 
grate and heating surfaces, as high an evaporative efficiency nuH 
be had as with most other forms of boilers. The quantity cfl 
water carried being comparatively small, steam may be raised iritfl 
a small quantity of fuel, and in a short space of time. WaUfl 
may be left standing in the boiler for almost any length, of tifltH 
without injury. Every part of the boiler is at all times andtH 
ready observation, without disturbing the connections, and wU 
spheres may be easily swept on their outside. The setting ^| 
the boiler is such, also, that the steam may be dried to any 6lS 
tent desired in the spheres themselves, without any other ptW 
vision for superheating. It ia thought that this boiler espef^t^H 
meets the increasing tendency to use high pressure steam, ufl 
that the description now given will, therefore, prove intereatiiH 
to the members of this Institution." jH 

3. Avery able paper in the "Engineer" (October Slat, IBfeW 
describes the "profiertiee oftfie hollow sphere," which forma tifl 
principal feature of the " Harrison Boiler " described in last pd^ 
This we extract below, and request the particular attention of ^B 
leader to some of the very suggestive points contained in jfl 
" The properties of the hollow sphere have not, until very llfl 
jMntly, received any considerable amount of attention in connaM 
jtioii with boiler engineering, and so little, indeed, are they yfl 
BodaratDod that one of the most eminent men in our profeea£^| 
Wtdf nsked, when he was shown a boiler formed entirely of lufl 
mv spheres, "Why are not those made as cylinders)" HJ 
I'Wgtli of a hollow sphere to resist internal pressure ia exaot^f 
^jjfali^ ft faoltoff cylimier of the game diameter °^«iM 
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iail tbitJineas ; and it cau bti shown that even a, coBt-iron epherf, 
7 ft. in Jiameter, and -^ths inch thick, is as strong as the shell 
of i Combh boiler of tlia same dimensions. Tlie plane in which 
loptnre, if it happen at all, will take place in a hollow sphere, 
is the largest plane that can be drawn through it, and the metal, 
leaisting the strain tending to cause rapture, ia the whcile section 
uf metal bounding that plane. Thus, in a hollow metal sphere 
2 ft. in diameter, the plane upon which an internal pressure iif 
(team, fer example, is exerted, is 3^ equUire feet in extent, while 
thfl section of the metal resisting the strain will be the ciicam- 
fepBnCB of the sphere multiplied by the thickness of the metal, 
it. aay, with a 2 ft. sphere and a Jin. plate, about 38 square 
iadies. In a hollow cylinder, the area upon which the greatest 
pressure tending to cause rupture will be exerted, is that repre- 
by the product of the length into the diameter of the 
And the metal which would be torn across in a ooro- 
aeparation of tiie cylinder into two halves would be that 
" ig the sides and ends of the plaue just defined. But the 
cylinder oppose no resistanoa to a. pressure about to 
it at the middle of its length, at least where this length 
to the diameter of the cylinder. And as, in the case of 
a rupture may lead to, and is commonly equivalent to, 
[plosion, we must dismiss from our consideration of the 
;h of the cylinder the resistance of the metal forming the 
ends. Taking the metal in the sides only of the hol- 
'Under we shall find that, with a diameter of 3 ft. and a 
less of metal of ^in., as in the case of the hollow sphere al- 
oonsidered, an internal plane of 3^ square feet will occupy 
ibout 19 in. of the length of the cy Under, and the metal 
the sides of that plane will have a eection of but 19 
ihes, instead of 38 as in tbe case of the hollow sphere, 
OS long as the diameter and thickness of the hollow sphere 
the hollow cylinder are the same; it will be found that but 
ne-half as much metal is opposed to the pressure exerted upon 
given area in tiie latter as in the former; the cylinder, there- 
fore, being but half as strong as the sphere. 

" The fact that a 7 ft cast-iron sphere, ^in. thick, may be as 
"trong as a riveted wroiight-irnn cylinder of the same ilimen- 
aomfus^ 1m eaeily explainei^ it btdag imdecstooil tha^ lu V[\^a 
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case, only tho strength to resist iutctnul fluid or steam predsu 
is considered. The average tensile strength of wrougLt-in 
be taken as 22 tons per squaire ineli, and that of cast-iron as a li 
tie more tliau 6 tons. Bub in puncluug and single rivetllil 
boiler work nearly one-half, or, to take the results of Mr. Fa 
bairn's experiments, 44 per cent, of the strength of the metal 
destroyed, by the loaa of iron punched out, and the slight injn 
done to the iron remaining between the rivet holes, iiy'u 
which Mr. Fairbairn's uxperiments have proved to be committe 
Thus iron of a strength of 2 2 tons is really weakened to 1« 
12i tons in a single riveted boiler, for this is the nltinu 
strength along the joints ; and the excess of strength elaewhe 
is of no service, unless to give stiSuesa, and to i ' 
Having thus brought the strength of the wrought-iron down I 
1 2^ tons per square inch, the cast-iron, of 6^ tons, having no I 
veteii aeama, will, in the foim of the hollow sphere, have « 
actly the same strength to resist bursting as the wrought iron <; 
linder, ifot that any one would propose to employ a caat-JM 
sphere of such dimensions aa a high-pressure boiler, but it is>i 
well, nevertheless, to know its real powers of resistance, aud H 
comparison will at least show that small cast-iron sphere»>'1 
ptaotically unhurstable. 

" The great strength of the hollow sphere is obtained v 
any sacriiice of weight ; or, in the case of boilers, of e 
surface, A row of spheres, say 1 ft. in diameter and ten ii 
ber, will, if close together, present the same surface as a cylin 
1 ft. in diameter and 10 ft. long, leaving out of consideration V. 
the two ends of the cylinder, which a.ve generally useless as b 
ing surface. And so of any space, it can bo lilled with Sfdu 
in straight rows, which shall pi'esent the same surface as cylind 
of the same diameter and length. If the spheres are placad' 
in a pile of cannon balls, the total surface to be arranged wiT 
ft given space is, of course, much increased. And with the n 
ttookneas of metal in each case the weight is exactly as the A 
^M presented. In tlie case of a boiler a close row of sphei 
glTen diameter will contain hut twothii'ds the quantity of 1 
which would he contained by a cylinder of the same len 
diameter. This, perhaps, is rather an advantage than a' 
with the exception of multitubular boiler% i 
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boilers contain fer more water than is desirable, fxcept for the 
purpose of keeping the heating surfaces covered. 

" The advantages of the hollow sphere are beat secured in cast 
metal, which, it is needless to say, can bo readily and cheaply 
moulded into almost any form whatevur. But for the practical dif- 
ficulties ill the way of working pliite metal into the spherical form, 
that would be the best for all boilers. Where, then, cast-iron is 
&dopted, as in the case of the boilers for working the macliitiery of 
the Uubliu Exhibition, the cylindrical form is objectionable, be- 
;, not only is one-half of the strength of the material thrown 
away, so to speak, but no arrangement of small cylindrical water 
tpaces has yet been known to give a complete circulation in a 
lioiler. Besides, while it is known that boiler scale, lodged upon 
the internal sur&ces of cast-iron boiler spheres, is periodically 
luoBened and thrown off by a natural process, it is also known from 
the experience with the early forms of cast- iron boUers, and from 
le water tubes of the 'Economisers' in use in Lancashire, that it 
idherea firmly to the interiors of cast-iron cylinders, defying remov- 
»1, except by mechanical means. Cast-iron cylinders, tou, cannot 
bo cast without some danger of the core floating in the mould so 
an unequal thickness of metal on opposite sides, and 
it either head he cast in, there is a strain luft in the casting, on 
i(c cooling in the foundry. Xor can any arrangement of cast- 
iron cylinders be contrived in which the expansion and con- 
tostion due to irregularities of temperature can expend itself 

I These considerations are of great practical consequence, 
hile so decided a tendency ia being manifested to return to 
cm as a material for the construction of steam boilers, the 
advantages of the hollow sphere should be fully considered 
ivned to account, Its self-scaling property, when used in 
3p fad with hard water, w one of the most remarkable di&- 
iB in boiler enginem-ing, and as this property is not known 
posaessed by any other fonu, it seems suihcient, if there 
_ no other advantages, to decide the question of cast-iron 

'^eres v. cast-iron cylinders for steam boilers," 
^^k 4. The science of Engineering abounds, like that of other 
^^BMfiGes, with " vexed questions," and of these probably the one 
^^HjCttned with " tubular " as against other forms of boilers, has 
^^^^frjJBOuased with the utmost pertinacity of opiBionaXii eae^ ', 
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niiil with not a little of that warmth which is most appropriately, 
suggestive of the euhject This is well hit off in the introduQ 
tion to an article on " lubular Boilers " in the " Mechanics' J " 
gazine " for July 22d, 1864, which, conveying bo much that s 
practically valuable as to details at present adopted, as well ai 
that is suggestive of futoie improvement, we do the reader a servio 
by giving in exleiiso. 

" There is not a question," saya the author, " connected ' 
the steam engine or the employment of steam power, which 
not at one time or another been made the subject matter for bS 
ter discussion. The value of the heating surface of tube flues, 
particular, stands forth prominently, as one of the most feitil 
soils for the production of this kind of argument that has ji 
been cultivated. We question if two men of science who hai 
given any thought to the m.itter, can be found at this moinel 
who will agree even on the conditions under which the tuboli 
boiler can be worked to the most advantage. As to its con 
parative abstract value, it seems all but hopeless to expeet ) 
unanimity of opinion. Very many and very elaborate expei 
menta have been conducted from time to time, but, regarded i 
the proper light, these experiments impart very Httle informatioa 
As a rule, they have been two-fold in their object. In the 
place, they have been instituted to determine the value of 
surface as compared with fire-box surface in the same boiler; 
secondly, they have now and again been employed to determin 
the value of the tubular as compared with the Cornish 
externally fired boiler. As to the first, it is somewhat 
able that there are no recorded instances of experiments eoi^ 
ducted aniler other than abnormal conditions, that is to say, t^ 
generator has never been employed as generators of the g]jw> 
would be ill actual work. Aa to the second, we are at a loss t^ 
find an instance wherein precisely the same coals, the same stadCi 
and draught, and the same water supply, were employed in ea<^ 
caee, and it is yet more difficult still, to find an instance vrhta^ 
in ^1 parties were not previously impressed with the superiority: 
of one or other class of boiler ovir^r that with which it has bem 
compared. In spite of the utmost conscientiousness on the pnil. 
of the experimentalist, such a bias is certain to produce reBalt» 
rhich it is di£&o<ilt to place implicit reliance. 
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B truth of the matter ia this : apart i'rom t e on m cal 

i^ the tubular boiler p(}sseH3es certain coiutructi e ad antage 

h have hconght it into high favour. No othe j.ra tcai 

ntoi' — fay which we mean one moderately cl eap and not 

1 to get out of order — will bear a moments mpa on 

t the tubular in ita powers o£ making stean e ht f 

ihl, and size for size. Lighter boilers may be t und ol equal 

f, but they are ineTitably larger ; smaller b I may be 

1, hut they are sure to be heavier. And, bee d all th s 

" 5 of the tuhukr boiler of the best type la b e alt 

9, that best adapted for a locomotive carriage eupp ted n 

ban one pair of wheels, and intended to tra 1 at h gl 

This &ct ill itself is enough to render ita popula t} fu 

' purposes a thing which needs no furthe uxj lanat on 

I, for marine purpoaea, nothing more convenient tl an tl e 

B- flue system exiata, and without tubes it ia not eaaj to ca y 

' 3 principle of construction with any euccess, 

^very tube flue has three purpoaes to fulfil at least Occa- 

"f it may have to perform a fourth, to which we ehall refer 

The first ia to permit the passage of ita own prupor- 

if the products of combustion from the furnace to the cliiiii- 

B second, to transmit thi'ough its walls the greatest aj- 

» quantity of the heat of these products to the water; and 

i purpose ia, under the given conditions, tu fulfil ita du- 

etter and more economically than any otlier device. Wa 

^consider the last Siat, because it is impossible to put a flue 

t until it is made, and on its material a great deal of its 

ill ultimately depend. The first tubes used appear to have 

c. The tubular boiler proper was employed in France, 

t cama into favour, even in the idea, here. The fitat in- 

tita actual use on record appieara to have occun'ud in the 

of Stephenson's locomotive engines, fitteil in 1828 

e tubular boilers by M. Marc Seguin, engineer of the St. 

b twlway. Stephenson used copper llnea in the first in- 

rtn the ' Kocket.' Shortly afterwards their use became liabi- 

jt America, especially tor wood-buruing engines, and they are 

"hat country still, although rarely. Now copper appears 

jht to be a very excellent material for flue tubes. It 

ally drawn into pipes ; hard solder may \)e Brag\o^ei, Ui 
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ni:ike up the joints; ite ductility is sucb tliat the tube ei 
under the action of the feirnles in the tuba plates, and is, 
fore, very easily fitted into place without any necesaity for 
workmanship; and, above oil, the metal is one of the best 
ductora of heat known, the relative thermal resistance of iit>a 
copper being as 96 to 40. No wonder, therefore, that the 
of copper flues was habitual for some time after the railway 
tern, as applied to the conveyance of passengers, came into 
tion. But, with the good qualities that we have named, all 
is good about copper tubes begins and ends, and very little 
tice proved that the particles of flying coke cut them up a 
pidjy that they required continual replacement at a very ] 
expense. It is well to beai in mind, therefore, that ooppei^ 
oretically the best, is practically the worst material ever uj 
make tubular flues. After the failure of copper, brass waa 
diicod in 1833, as a material for locomotive flues, on the 
pool and Wancheater railway ; as far as we can learn, at the e 
tion of Mr. Dixon, then resident engineer of that line, 
copper flues lasted on an average three months; the brasff 
years at least. Brass possesses many of the constructive ad 
tagea of copper, while its superior hardness injparts to it tha 
lity of permanence so desirable. Hundreds of tons of braaat 
. are used, therefore, yearly, for locomotive purposes. Iron il 
though rather more difEcult to set, apparently remain tight l^ 
and are as a rule more durable than brass ; tlioy are a gieat.| 
cheaper as well, and in consequence they are extensively 
deed, it is questionable if tliey may not one day turn brass 4 
the market. Thus we see that either iron or bra^s are bett<S 
cnlated to answer the third great purpose of a flue than any. 
material. Steel may yet play an important part, of counsj 
in the absence of extended esperience in the use of steel St 
would be premature to speak positively as to their value. 

" The second great purpose to be fulfdled by a flue, is the 1 
Uiiasion of heat to the water with which, in common parlance 
in oontftct. It may ba said that this is really the first o^ 
bat such is not the fact, because it is impossible that the 
i^alii have any heat to transmit, unless the products of con 
tion can pass freely through it iu the first instance; and 
ii^* ^naeigle mvulved in tliia stateutent hm i ' 
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We can atnte, 
fine is oompoBed 

does not practically esert the smallest inltuence on Its evapora- 
lire powers. It is true that both brass and copper are very 
much better conductors of caloric thiin iron. Tot iron flues are 
quite as efficient and as economical, in all tbat concerns tfie use 
of fuel, as either the one or the other of the deiirer luetiila we 
have named. Why this siinuld be so has excited a great deal of 
unnecessary and useless speculation. In point of fact, the 'water 
within a tubular boiler is never in contact with the metal of the 
tabe. The same holds true of the lieated gases. A coating of 
deposit of greater or lesser thickness collects after the first few 
daya of the active life of a new boiler on the exterior of the flues, 
and a coating of soot forms within. The conducting powers of 
these two substances really measure the caloriliceut value of tlie 
tube. When experiments are conducted in the laboratory on 
tiiia subject, the metalhc flurfaeea are all kept clean, perhaps 
fcrighl Could the flues of a locomotive be kept bright also, 
there is no doubt that the results obtained in the laboratory 
*ould be verified in practice. Thus we find that, during the 
Ei»t few days, a hrasa-flued boiler always makes more steam than 
one the flues of which are of iron. With the appearance of a 
little deposit this superiority becomes evanescent. Deposit is 
.QDO of the most perfect non-conductors of heat in existence, and 
'm greatly does it obstruct the passage of caloric, that the diffier- 
ISnce between the relative values of cupper anil iron is as nothing, 
ithen compared with the relative values of iron, and copper, and 
Idepoeit, as conductors. While each tube is enveloped in a se- 
fUBui strongly adherent to it, and formed of lime and clay, it is a 
mttter of very little consequence of what the tube itself is made. 
terea with surface condensation it is impossible, practically im- 
[iMseible, to keep the inside of a boiler clean. If there is not 
(tolphate of hme, there is certain to be oxide of iron arisisg from 
Ijtta decay and corrosion of the plates. No laboratory experi- 
Itemta have yet been undertaken to determine the relative value 
|ttf encrusted flues of different metals ; simply, we presume, be- 
fiaose it was evident beforehand that no appreciable difference 
'^mild be found to exist. To put the fact in the simpleet light, it is 
Mit which directly imparts heat to the watei •wvl^i ■wV\tJvv 
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it, and aot the tube, is in contact AH that the metal of 1 
ttue can possibly do is involved in the transiuiaaioii of calorie 
the deposit in the first instance. 

" We have stated that a great numher of experiments fai 
been undertaken to determiae the relative value of tube and i 
box surface. Tlie results of these have been presented to 
world as conclusive. Yet they are, one and all, untrustwott 
and to a certain extent fallacious. In 1630 Stephenson tn 
the top off a locomotive boiler; a tube-plate separated the HI 
in the fire-bos shell iiom that in the. barrel of the boiler, 
fire was Lt in the box, and the results obtained went to ah 
that one font of fire-box was equivalent to three of tube eoA 
In 1840, Mr. Dewrance performed the same experiment » 
a differenca He divided a small tubular boiler into seven ( 
tinct compartments, the iirat being fire-box, the second 6 i 
of tube, and the remaining five, a foot each of tube. From t 
BxpBtiiuent it was deduced that the first six inches of t 
were equal, square foot for square foot, to the fire-hox snrfei 
the second compartment wa^ about one-third as effective^ 
for the rest, Mr. Dewrance stated that the evaporatjon WW 
small as to he practically useless. Mr. Wye Williams, notm 
years ago, fitted up a tube five feet long, and three inahea in 
meter, in his laboratory. This tube passed through a vessel 
vided into five compartments, each a foot long; the heatwM 
plied by means of a ring of gas jets fitted in one end of the tt 
turned down at right angles. The temperature of the W 
heat was aid to have been 800 degrees, yet the boiling p 
was never once reached in the compartment furthest from 
source of heat. Mot one of these experiments possesses a 
common with the conditions under which a tube works in t 
comotive boiler, simply because the influence of the blast in ' 
ahimney has invariably heea neglected. The caloric to Tm^ 
rived hy uonductioa from heated air is very triflinj;, befl( 
hot air parts with caloric with great reluctance. With 1 
flune the cose is altc^ether different ; the most intense hi 
known in the arts are the result of flame. The blow pipflj' 
Q the combustion of gas in a common |M 
1 lamp, are illustrations of the truth of this proposition, 
ted with success to fuze pktinum, o 
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I the diamond, with a jet of lieatedair; flume has alone prukuil I 

I equal to the task. It is certam that water takes up htat verj I 

I slowly from a gas unless in actual contact with it, and the abwv 

luto quantity of caloric which wLll penetrate a metal plate appa i 

■isntly vBriea nearly as the cube of the intensity of the sensible 

beat, Why this should be so we know not , and the entire proh 

lem has been very much overlooked hy experimentaliats. The 

niative calorific value, then, of flame is transcendent as compared 

with hot air, and this indisputable fact once admitted, there is mi 

longer any difficulty in seeing wherein Steplienaon's, Dewraiice'a, 

uid Wye Williams' experiments were defectiva The belief ob- 

t^Iied then, as it does now, that flame would not enter a small 

' tnbcb The inventor of a safety lamp depending on this princi- 

l pie for its success was not likely to dispute the question ; espe- 

Pti&lly with the example of the Davy lamp — a far more perfect 

bvention — before his eyes. We are told nothing of a forced 

StWight ia Mr. Dewrance'e esperiments. and from the nature of 

liose cjnducted by Mr. Williams it is simply impossible that 

tame could enter the tube he used. In the case of a locomotive 

hiRung coal, or even a gaaeous cote, there is no doubt wliat- 

Wbt that, with a powerful blast, flame does traverse ihe tubes in 

whole or in part of their length ; the distance depending on 

\kfdr diameter and the force of the draught. As a datum from 

rliieh deductions may be drawn, we may state that flume — tru<- 

Dght flame — will traverse a tube 2 J in. diameter, and 6 ft. long, 

each stroke of the piston, and we feel very little doubt that in 

bl-baming engines the tube surface invariably possesses a higli- 

economic value in proportion to the lire-box than wheu cokt 

burned. We said there was a fourth purpose which the tube 

ie might fulfil : and it is involved, in permitting the combu-^- 

m of ga.1, and the couseqnent production of flame, to go nn 

ritbin it. Certainly, it is somewhat remarkable that, while Mr. 

Illiaras could not make water boil hy means of air heated to 

degiees, steam of half the same temperature will, if conveyed 

]h a worm, cause water to boil freely in an open vessel. 

known that locomotives with long flues of small dia- 

are unable to make steam without a tremenduus hlai^t, 

i]B cauae has heen sought in the friction of the aii B-gainat ttis 

the pipes. HoaWe^, there ia a. ceitmn amouab al \;t\^^ 
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1 this, but not all the truth. Flame will not eater a verjw 
tube very far, excppt luiJer strong compulsion, and there is litt 
doubt that in such caeai the value of the tube surface falls off i 
niucb in consequence of the absence of flame within them, tl 
ihe evaporative powers of the boiler suifer considerably. A gr 
number of small tubes are never so efficient individually w 
Braaller number of large ones. As to the relative durability, li 
flence of priming, and efficacy, the over-flued boiler will bear I 
coinpariaon with its rivaL 

" The first great purpose of a ilue is the conveyance of ti 
products of combustion to the smoke box. The concluding u 
tences of the last paragraph state nearly all that can be said 
this branch of the subject The proportitm which the caloHmi 
ter of a boiler — in other words, the area of its flues 
should bear to the area of grate bar, is a question of ( 
importanca In the case of the locomotive, it is intimately U 
nected with the position of the blast pipe, its area, and i 
mode in which it is fitted. In the marine boiler the cubic at 
tents of the furnace, the power of the draught, the quanti^l 
the coals, &c., all exercise a considerable influence." 

5. Among the papers read in the "Mechanical Section"! 
the last meeting of tlie British Association for the advancement' 
science, not the least valuable was one by Mr. Z. Colbaro > 
"Sleam Boilers," the first portion of which we give here, o: 
the last part which described the "Harrison Boiler," of whi 
full acoonnt will be found in par. 3. 

" Tlie rate at which heat may be transmitted through an ii 

boiler plate, without injury to its substance, has never been I 

cisely ascertained. About 70,000 units of heat per hour, aff 

to the evaporation in that time of one cubic foot of water ft 

L 60 dfg,, is believod to be the utmost per square foot of platfl 

[ ordinary thickness. But, in order to approximately apply f 

. lehole heat of a furnace to the purposes of evaporatioi 

, IftTger area of heating surface, per unit of work done, ia leqniri 

[ Watt fixed the proportion of one square yard of heating s 

per onbic foot of water evaporated per hour, and tliis 1 
t 8«nctioiied by modem practice. But the average depth — c*, 
I "that words, the thickness of the stratum — of water thna 1 

""»_only H inch per hour, ^ih inch per minute, or ^^^ 
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inch per second, over the whole heating sui-faee. Frnm teu tu 
Ivelve seconds are thus occupied in evapo^i^sing a couche of water, 
no thicker than a single leaf of the paper upon which books are 
commonly printed. H in proportion to the evaporation, an in- 
sufficient extent of heating surface be provided, there is not only 
a direct waste of heat, — the products of combustion escaping at u 
temperature cor respond in s, perhapa, to that of incandescent iron 
— but the furnace plates may be burnt. ^Notwithetanding tlie 
active cunvectiou of heat in water, an intense flame, directed 
against the aides or roof of a boiler furnace, will, in time, crack 
nr blister the iron. It is not certain that this result occurs from 
the inability of the metal tu transmit the heat, for it is more 
likely that, nnder vigorous vaporization, the gravity of the hquid 
water (and it is its gravity only that brings it to the heating 
surfaces) is insuffleient to bear down effectively against the rising 
volumes of steam. If, by powerful mechanical means, the water 
could be constantly maintained in contact with tlio heating 
surfaces, it is pos^ble that the rate of evaporation upon a given 
area could be increased without injury to the plate. In the 
hardening of anvil faces and of steel dies, the requisite rapidity 
of cooling is obtained, not merely by immersioa in water, but by 
its forcible descent, in a strong jot, upon the heated metal. 

"Under the conilitions, howevar, of ordinary practice, no re- 
striction of the heating surface is permissible. This surface is 
sometimes that of the exterior only of the boiler, but it is more 
nsnal, and on most accounts preferable, to dispose it internally 
bj means of fire bosea, flues, or tubes. The external surface of 
a boiler can only be increased by increasing its length or its 
diameter, or by increasing both of these together. Plain cylin- 
dtielil boilers 90 ft., and in one or two instances 104 ft. in length, 
Imve been employed, but, even apart ham any consideration of 
the great amount of space which they occupy, they are mechani 
cully objectionable, and they are now no longer made. In iu- 
oreasing the esternal surface of a boiler by enlarging its diameter, 
it is weakened exactly in proportion to the increase, the burst- 
ing pressure, for a given thickness uf plates, being inversely as 
tlie diameter. Tlie danger attending the presence of a large 
quantity of heated water in a boiler is now well understood, 
' jHb^Is, it inoreasea as the st^uaia ai tkb ^ausXe^, 
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that, in a boiler of a given length, the elements (jf weakiMsss a 
danger are collectively related to the cube of the diameter, 
ternal lieating surface may be provided fur in a number of sir 
vessels, as in the retort boilers by Mr. Dnnn, but these are i 
the water-tube family, which, heretofore, haa been found autije 
to choking with the solid matter deposited by the water. 

"Next are the boilers with internal heating surfaces, 
fire tubes were in use in steam boilers in. the last century, i 
they were applied within a cylindrical barrel by the Con] 
engineers, among whom was Trevitliiok, who employed both t 
straight flue and the return flue, and who maiie the firepb 
within the flue. The Cornish boiler, in this form, waa irapron 
by Mr. Fairbairn and the late Mr. Hetherington, who i ' * 
another fire tube, thus making the two-flueii boiler now s 
teiisively employed in Lancashire. The two fines, altbonj 
somewhat smaller than the single flue, afforded a greater 
of heating surface, besides securing inci'eased regularity in 
The principle of subdividing the flame and heated products < 
combustion, so as to obtain greatly increased heating i 
within a barrel of given diameter, was fully carried out in. tl 
multitubular boiler invented by Neville, of London, in IBS' 
employed by Seguin, in France, in 1828, and subsequently i 
tbe Liverpool and Manchester locomotives, from which it ll 
been handed down to the present practice of engineers, 
siaoe Watt's time, however, has the evaporative power of a aqia 
foot of heating surface been increased, the improvement in 1 
plan of steam boilers being that, chiefly, of enclosing a g 
EXtant of surface within a giren space. The heating bui&o^ 
the boilers of the Great Eastern steamship, is equal to the si ' 
area of her vast main deck, that in the Adriatic measures I 
than three-fourths of an acre, while the Warrior and the T 
Frioca have in their boilers 2,500 square yards of sur&oe' 
tubes, the aggregate length of which is more than 5 J milefi ~ 
il is only where, as in steamships and in locomotive engine^ ti 
dimensions and weight of hoilera must be the least possibly ti 
itbe maltituhular arrangement is even to be tolerated 
ild subject to rapid decay. In steamships, especially, the li 

'9iultilabu!ar boilers is comparatively short. Tlie boilera i 
H|diMMgr'a Tsnel* of WH ate ioaaX to last but iniii! i 
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seven years; those of the "West Indian Royal Mail siiipa last, 
iccordirg to Mr, Pitcher, of Northfieet, six yuara only, and 
those of the Dover and Calais packets, taking the testimony of 
the former mail contractor, Mr, Churchward, need to be renewed 
I every three and a-balf or four years. On land, multitubular 
I boilers, working under constant strain, and, in most casea, as 
ooustantly concentrating a saturated solution of sulphate of liins, 
■re nearly out of the qaestiou fur the purposes of manufactories, 
althoagh there are instances of tlieir employment, even in spin- 
ning mills. A boiler rated at 40 nominal horse power will 
imlltiarily evaporate 60 cubio feet of water per hour, or upwards 
I of 100 tons of water per week of sixty hours. And feed water 
L containing as much as 40 grains of solid matter per gallon is 
1 often regarded as very good, not only when the inorgania impurity 
pBa nsiatd of the deliquescent salts of soda, but eren when it is 
r less than an obdurate carbonate or sulphate of 
Whatever the soHd matter contained in the water may be, 
T carried over with the steam, hut ia left behind in the 
bpoTsting apparatus, and 100 tons of the water, fed iu a single 
': to a boiler in the manufacturing districts, commonly con- 
\B « httndredweight or more of dissolved gypsum oi marble, 
9<]f whicL all that is not held in solution is deposited in a 
sous lining upon the internal metallic surfaces. This fact 
It explain why not only water tube, but multihre tube, boilers 
Bconomically employed under the ordinary circumslan- 
If rtttsm generation. The considemtion of deposit or scaling, 
~1 as that of workmanship, imposes a limit to the subdivi- 
■ itf beating surfacu among a great number of small tubes. 
■ boiler-making the geometrical a<lvantage of the 
9 cannot be turned to account. It cannot be produueii 
mically in plate iron, nor, if made in plate iron, could it he 
isly applied in a steam boiler. The hollow sphere 
■tilis property, to wit : with a given thickness of metal it has 
I the strength of a hollow cylinder of the same diameter. 
I is upon the assumption (which is correct where the cylinder 
t ft length greater than its own diameter), that the ends of 
■(jlinder offer no resistance to a bursting pressure exerted 
t tlie circuniferenca Under over-pressure, a eloaed a^Vva- 
L Jake the shape ot a barrel, and if o£ homog,iiuw«a 
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material and structure it would burst at the middle of ite lengtlij 
and in the direction of the eircumference. The circumferenca 
of a sphere of a diameter of 1 being always 3-HI59, the sum oi 
the length of the two sides of a oylioder of the same diameton' 
and having a plane of rupture of the same area, U r5708, c 
exactly half as much. And not only aro the boiler heads of a 
servica ia resisting the strain in the direction of the 
euce of the cylinder, and not only are they weak in ihmiMrtI i f n 
escejit when of a hemispherical form, or when wall stayed, buk 
furthermore, the whole pressure against tlutm is exerted to piow 
duce a strain of the sides of the cylinder in the direction of tl 
length, and where there h« no through stay-rod between tl 
opposite heads this strain is necessarily equal to one-half of tl 
exeited in the direction of the circumference. 

*'The bursting pressure of steam boilers is commonly calculate^ 
from the average tensile strength of wrought-iron plates. Ihft 
strength is very variable, however, and it would be mote logtoll 
to take the minimum. The most extensive series of experimeotl 
upon the strength of iron plates is that made by Mj. KirkaUj 
for Messrs. Uapier, of Glasgow. The n umber of samples o " 
description of iron tested was- not large, yet the tensile atrengttl 
ranged between very wiiie limits. That of Yorkshire iron v 
between 63,514 lb. per square inch and 40,541 lb., both a] 
mens being from the same makers. Staffordshire plates y 
between 60,985 lb, and 35,007 lb,, and Lanarkshire plat« Is 
tween 57,659 lb. and 32,450 lb. The conclusion cannot ^ 
resisted that engineers are frequently dealing with boiler pltt 
of a tensile strength not greater than from 16 tons to 18 M 
per square inch, notwithstanding that the average strength U 
be 22 tons, and the maximum 27 tons. And the loss of A 
strength in punching the rivet holes is not merely that of » 
iron cut out, but the punch is found to sensibly injara Hi 
which remains. Mr. Fairbi»im's well-known and frequeBl 
iTenfied ratio of 56 to 100, as the strength of a single rivV 
to that of the unpunched plate, must be always a' 
calcnliitiona of the strength of riveted builera. The 40-h 

boiler, 7 ft. in diameter, will thus be often found t* 
4UI ultimate strength not greater, when new, than that coP 

to a pressure of &om 210 lb. to S3S lb. pur m 
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inch. This, however, is without taking account of the strain 
exerted longituiiinally upon the shell of the boiler by the 
pressure on the enda, and it is upon the aaaiimption, which is 
hardly tenable, that the boiler lieads, and especially tlie flues, 
ire of the same strensth as the cylindrical body or shell With- 
out the angle-iron strengthening reconi mended by Mr. Fairbuirn, 
the collapsing pressure of the flues of large boilers was found, in 
that gentleman's experimenta, to be sumetimea as little as 87 lb. 
per square inch. The stniin resulting from the circumferential . 
and longitudinal components, in the outer shell, is one-eighth 
greater than that calculable for tlie circami'erencs alone, so that, 
even if the heads and flues were stayed to the strength of the 
Ufaall, this would corraspond to a pressure of but from 190 lb. 
to 210 lb., inatud of 210 lb. to 236 lb., as just supposed. But 
these estimntes are fbr Vtw afawtgth of the boiler when new. 
In the experience of the offtcers of the Manchester Boiler Associa- 
tion, with from 1,300 to 1,600 boilera always under their care, one 
boiler out of every seven, and, in some years, aa in 1862, nearly 
one of every four, became defective by corrosion alone, while of 
Bvery eight boilera examined in the course of a year seven are 
found to be defective in some respects. Thus, in 1862, with 1,376 
boilere under inspection, 85 positiyely dangerous, and 987 ob- 
jectionable defects, were discovered, 37 dangerous and 270 objee- 
tionable cases of corrosion alone having been reported. As a 
^toiler malady, corrosion corresponds in its comparative frequency 
'* y to the great destroyer of human life — consumption, 
ae one great disease. It is frequently internal, in conse- 
I of the presence of acid in the water ; but it is still 
ir ejrtemal, and it is most insidious and certain wherever 
s the least leakage of steam into the htickwork setting, 
ansed steam, or distilled water, is an active solvent of iron, 
E lead, and peaty water, which, so far as i-norgimic 
'. is concerned, is very puce, and distilled water from sui^ 
indeed, any water tliat is quite soft, is 
it rapidly into the substance of the boiler in which 
A trickling, however slight, of condensed steam, 
1 outside of a boiler, will infallibly cause corrosion, 
is was directly traced a Large number of the l!ort,Y-aCTes\. 

fthieh occurred in, the United "Sin^iata. Sa . 
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it, and uot tlie tube, is in contact, All that the i 

flue can possibly do is involved in the tranamiasiou of caloric 

the deposit in the first instance. 

"We have stated that a great nuniher of experiioenta h) 
been undertaken to determine the relative vulue of tube and fi 
box siiri'aoe. The results of these have been presented to 
world as concluaiv& Yet they are, one and all, iintnistwort 
and to a certain extent fillaeious. In 1830 Stephei 
the top off a locomotive boiler; a tube-plate separated the wi 
in the lire-box shell from that in the. barrel of the boiler, 
fire was Ht in the bos, and the results obtained went to eh 
that oue foot of fire-box was equivalent to three of tube aorfi 
In 1840, Mr. Dewrance performed the same experiment w 
a difference. He divided a small tubular boiler into seven < 
tinct compartments, the first being fire-bos, the second f 
of tube, and the remaining five, a foot each of tube. From.! 
experiment it was deduced that the first sis inches of ti 
were equal, square foot for square fuot, to the tire-box sur& 
the second compartment waa about one-third as effective ; 
for the rest, Mr. Dewrance stated that the evaporation was 
small aa to be practically useless. Mr. Wye Williama, not n 
years ago, fitted up a tube five feet long, and three inches ia ( 
meter, in his laboratory. This tube passed through a veaseL 
vided into five compartments, each a foot long; the heatwaa 
phed by means of a ring of gas jets fitted in one end of the b 
turned down at right angles. The temperature of the W 
heat was aid to have been 800 degrees, yet the boiling p 
was never once reached in the compartment furthest from 
source of heat. Mot one of these experiments possesses n 
common with the conditions under %vbich a tube works i 
eomotive boiler, simply because the influence of the blast in ; 
chimney has invariably been neglected. The calor' 
rived by conduction from heated air is very trifling, beef 
hot air ports with caloric with great reluctance. With 1 
flame the case is altogether different ; the most intense hi 
known in the arts are the result of flame. The blow pipe, 
lime light, nay, even the combustion of gas in a common pU 
fin lamp, are illustrations of the truth of this proposition. 
one ever attempted with sacoess to faze platinum, or deoom] 
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of fuoi is to be had in more ways than one ; the hbb of steain 
being qnite distinct from its generation. A good engine may 
give very fair results with even a bad boiler; und a bad engine 
raay^t on very creditably, proTided the generator which supplies 
it with steam possesses more than the average amount of giiod 
qualities ; ou the union of that wliich is beat in both, depencU 
the highest economical result. Ifevertheiess, it is often not only 
advisable, but absolutely necessary, to sacriiice many things, good 
in themselves, in ordev to attain others yet more desirable. The 
marine boiler may be taken as an instance : its shape is regulated 
to a great extent by circumstances, which have no relation what- 
ever to its steaming powers, while its dimensions are in nearly 
bU cases limited to the available space on board ship at the dis' 
posal of the engineer. Under these conditions, it is not wonder- 
ful that a certain form or pattern of marine boiler has become 
uliniist universal in its adoption with us ; the rectangular shape, 
the long narrow grate, the return flues, may be met with in almost 
every steamship which sails from a British port. Ttie now old- 
fiishioned flue boiler, properly so called, is, it is true, met with 
commonly enough still; hut the external form of this so nearly 
resembles that of the tubular boiler, that we may consider one 
funeral type as being by consent deemed most suitable for a 
]ilace on board ship, 

"If we exclude the adoption of the locomotive pattern of boiler, 
which possesses some qualities pointing it out as admirably suite*! 
aarine service, it remains doubtful if any other important 
ige in estemal form will become popular in our mercantile 
marine — indeed, we do not see the want for such a ehange. High- 
preaaure steam, if not generated within a fire-box boiler of the kind 
niet with on our railways, must be raised in boilers built up of a 
nilinber of tubes or stayed chambers, forming one whole, and 
Ikece is no valid objection to the form of the entire structure as- 
unulsting more or less nearly to that of the boilers at present in 
IW, These last, as a rule, answer their jrarpoae pretty well ; and 
(lie defects in our machinery lie fctr more in the methods employed 
for using, than generating steam. Perhaps the most common 
r committed is that of so designing boilers, that, while re- 
gfird is had for economy of fuel, no care whatever is esercised to 
f_ maintain tlieir efSciency. Hard firing follows a.'i & mB.tt*t ol 
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course, and waste instead of saving is the result In order that 
a few pints more of water may be evaporated per pound of coal 
burned, grate and furnace area is reduced, in order that heating 
surface may bo extended, and the heat better absorbed from the 
escaping gases. If the vessel fails to attain the required speed, 
the furnaces are filled beyond their proper capacity; imperfect 
combustion ensues; and the very means intended to produce 
economy, conduce to the most opposite result. A couple of 
boilers more, put on board, might overcome the objection. Most 
shipowners would consider the remedy worse than the disease, 
liowever. The best marine boiler is not that alone which bums 
least fuel, but that which can produce most steam in a certain 
time, weighs least, and evaporates a fair quantity of water per 
pound of coaL 

" The quantity of heat actually communicated to the water 
within a boiler, in a given time, is the direct measure of its steam- 
ing powers. Now, it by no means follows as a matter of course^ 
that this should be measured, in turn, by the quantity of coal 
consumed. There are two or three points deserving of careful 
attention in considering this question. Care must be taken to 
secure the necessary conditions both without and within the boiler 
— we use the words "without" and "within" in rather a peculiar 
sense. The furnaces and flues are, it is true, inside as regards the 
external superficies of the generator, but they are outside as re- 
gards the water and steam space; within, then, the paramount 
object must be to secure a good circulation of the water, in order 
that the heated metal may never be out of contact with it for a 
moment. Steam possesses a very powerful tendency to cling to 
vertical surfaces. A constant moderate current of water is the 
best possible means of removing it. Ample water spaces are thus 
a desideratum to be obtained, even at the expense of a certain 
amount of heating surface. Elues are seldom or never put too 
closely together in the marine boiler; and there is little fault to 
be found with the arrangement generally adopted. We wish we 
could say as much of the water spaces between furnaces, which 
are frequently reduced to the very limit where safety ends and 
danger commences ; not only is economy, but efficiency, sacrificed. 
Furnace plates get burned, come down, leak, and do all manner 
of objectionable things, as a consequence of a disregard for that 
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ie nile nliich tells ua, that a heated plate slioulil 
wnja be ocvered with water enough to keep that heat from be- 
■ming excessive and injurious. Ample water spaces cotiduee 
f pwerfnlly to tbe production of dry ateam; and, were it tor no 
iher reason than this, their use is extremely ciesirable. 
"The relation between the area of the Hues and of the grate 
sacface, is a matter of vital important, in which oar present 
practice ia very defective. As a rule all marine toilers have too 
many flues. They tower up row upon row from, the very crowns 
of the furnaces, taking up space invaluable for other purposes. 
It is by no means an easy thing to get the products of combustion 
squally diffused through all tbe flues of a boiler in their passage 
to the smoke stack. They will, whether we like it or not, take 
the shortest way to the up-take; and, setting aside the very 
peculiar eddies which manifest themselves in some boilers, we are 
certain to find that the gases desert some of the tubes, wholly ot 
partially, in favour of others. The only means of preventing this 
lies in making their area so contracted in proportion to the ag- 
gregate spaces between the grate bars, that all the air entering 
nnder the infloence of the draugbt cannot escape without per- 
meating each and every one of them. What this proportion 
shuuld be, ia hardly so well settled as we could desire. It ap- 
parently lies between one-aeventh and one-eighth. In order to 
uecura a largo number of tubes, a great proportion of which are 
practically useless, we find, every now and then, furnaces so re- 
duced in height that perfect combustion is practically tmt of the 
question. The deeper a furnace ia, the better — that is, the higher 
Uie crown plate ia from the bars, "the better the opportunity for 
burning the ascending gases. Loiiomotive fire-boxes have been 
made as much as 5 ft. 4 in. deep, with advantage for burning coal 
spread rather thinly, too, on a large grate. Tlie distance between 
the grate bars and crown plate of a marine boiler furnace should 
never be leas anywhere than 20 in. ; 30 in, would probably be 
better. This would be tantamount in many cases to the sup- 
preRsion o^ at least, two luws of tubes; but the increa^d steam- 
ing powers of the boiler, and the more perfect corahustiou of tbe 
fuel, would leave no room for pegrut at their loss. A roomy 
combustion chamber at the back, or furnace uptake, as it is 
sometimes termed, ia alwa/s of yalus; and tubes might often 
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tie sbortened 3 itl or 4 in. with advantage in order to obttuD 
Flamu once produced in qiiaatity here, will, nnder tlie inllawiw 
of a strong draught, find its way for 5 ft. i.>r 6 ft, into s 
tube ; wherea.'), if space is not atlbrded for the ignitiun 
gases before they enter the tubes, they escape to the chianq 
carrying carbon with tbem iti suspension, and pour forth M 
volume of black smoke, hangiug for hours athwart the bIiJ 
Unless a Hre-box is roomy and lofty, it ia abs^^l to apeak of 
niitting air above the burning fuel Shallow furnaces are OBDall 
packed as full as they can hoLd, and combui^tion must be, to ' 
la^t liegree, imperfect." 

7. The two following articles will appropriately enough i 
elude this section of the work j the lirst, entitled " Hotdea Powi 
>f Boilera," is taken from the work, which we cordially rucon 
k) our readers as being a very practically Taluable one, entitii 
''Mills and Millwork" (Longmans, London), by the eminent ~ 
gineer, Williiim Fairbairn. The second, ia par. 8, is from 

Scientific American," and is sa^^stive on some pointy tL 
value of which is frequently overlooked: — 

" Tlie hoTtet pmeer of boUerji ia dependent in part on the ca^ 
city of the builer itseli^ in part on the heating surface, and 
part on the area of grate and the consumption of coal per bom 
~' rule for estimating the horse power is ua follows. 

Calculate the ' eifective section' of the boiler fay adding to 
diameter of the boiler the diameters of any internal flaes, < 
multiplying by the length of the boiler, and divide the piodiH 
by the constant 5'5, 5*75, or 6, according to the practice of dij 
ferent engineers. 

For condensing engines I have usually allowed about 11 
eq^uare feet of 'effective section' for each nominal horse power p 
the engine, although in practice many conditions necessitate tt| 
ttltention of this proportion to suit circumstances. Now, as eq 

les are at present constructed, working at from two to thl* 
.times their nominal horses power, this b equivalent to ao alio* 
nee of 5 square feet of ' effective aection' per indicated hm 
nwu, and hence agrees appro:xi mutely with the rule given abon 
iat this empirical rule is not at all to be rehed upon, as it 
-•rrotieous results with boilers of different forms and proportion 

" "^ ffiethod of calcalating the proper proportion af bajl 
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for any given engine is, liowever, to estimate the actnal amount 
of steam required, wliich can easily be done with the aid of the 
tables, already given, of the wei(^ht and density of steam. Then 
■ provide a boiler capable of evaporating that weight of water, ac- 
[eording to the data obtained in experiments with boilers of the 
(Jjarticular constrnction employed. Some data of this kind will 
be given below. It being borne in mind that more heat is re- 
mured, and less water evaporated with a given weight of coal, 
the higher the presaure at whicii the steam is employed. 

" Area of Healing Surface. — The total area of metal exposed 
to tbe tiame and hot gases is called the total heating aniface of 
the boiler, and is usnally expressed in terms of the 'grate-bar sur- 
bee.' This unit of comparison has^bowever, been rendereit ara- 
bigaons by tbe employment of another unit, called 'the efficient 
I heating suiface.' The efficient heating surface is obtained by de- 

I ducting from the total heating snrface one-half the area of verti- 
cal portions, and one-half tbe area of horizontal cylindrical flues, 
■on the supposition that the vertical heating surfaces, and the 

under side of flues and tubes, act less efficiently in absorbing heat 

than horizontal surfaces above the flame. 

" A common allowance of eff'ective heating surface for stationary 

loilere has been 10 to 15 aqmire feet per square foot of grate 

ma, and 1 square foot of grate is required per nominal horse 
power of the engine. I have usually allowed 16 or 17 square 
itSl of effective heating surface; and in Cornish boilers 25 square 
fat is allowed. In general practice it will, however, be found 
fiat aucb a proportion as 17 will better serve tbe iutereets of tbe 
ttipbyers of steam engines then the extreme limits of 1 in 10 
Iff I in 26; at least this is the best proportion for cylindrical- 
feed boilers, Tbe limits which define tbe amount of efficient 
Wing surface, are, on the one band, tbe temperature of the gases 
taaping into tlie chimney, which should be as low as possible, 
Ud on tbe other the temperature of the boiler bottom, at which 
leot is deposited. If tbe gases escape at a higher temperature 
&ta is necessary to create a suificient draught, heat is wasted 
By dissipation in the atmosphere, in consequence of insufficient 
Ileftling surface. On tbe other band, if the boiler is unduly in- 
creased, 30 that part of the heating surface is coated with soot, and 
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the abanrption of heat preventad, not only ia boiler space wasttiS 
but heat is lost by radiation. 

" In the Saltaire boilers the proportions of the heating 8i 
nay be estimated as follows ; — 

Total heating Efficient heating ~ 
surfaca in sq. ft. surfape in aq. ft 
Fnrnaoes, . , . 135 68 

Mixing iihambers, 103 fi] 



Vertical tubes, 
Three-ineh tulws, 
Exterior Hues, 



275 



1,100 60 

Area of fire-grate, 33-5 square feet. 

That is, 17 square feet of efFectiye, and 32 square feet of t 
heating surface per square foot of grate. 

"Again ; in a, doubla-flued tnbular boiler, 30 feet long, 7 i 
diaineter, with two flues each 2 feet 8 inches in diameter, we hafl 
the following proportions: — 

Total heating Efficiant heating % 
anrfacB. surface. 



Area of grates = 33 square feet. 
Hence there would be 27 square feet of total heating surface, and J 
17 feet of effective heating surface, per square foot of grate 83 
"Boiler Capaeiiy. — In mj practice I have always advoc 
large boilers. I have said before that boilers of lim' 
when overworked, must be forced, and this forcing is the g 
which corrupts and feateis the whole system of operationa. 
der Buch circumstances perfect combustion is out of the quos 
' arnd ereiy attempt at economy fails. Usually with flued b 
' I have allowed 15 to 20 cubic feet of boiler space per int" 

liorse power after deducting the flues. Mr. Ai'mstrong c 
k'foi 27 cubic feet, of which one-half is steam, and the othei bl 
(wftter room. I have allowed one-third for steam and two-thi 
[ibi water where the boiler ia fitted with a dome. Whan S 
ira is too small, the boiler primes, or water if 
a icam the boilei widh the steam. 
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I the diamond, vrith a jet of heated air; fliitne has alone pnivuil 
Cqnal to the task. It b certain that water takes up haat veiy 
■lowly from a gas unless in actual contact with it, and the alno- 
1 lute quantity of caloric which will penetrate a metal plate appa* 
' lently varies nearly as the cube of the intensity of the sensible 
' beat, "Why this should be so we kuow not ; and the entire prob- 
. lent has been Tery much overlooked by experimentalists. The 
lelativQ calorific value, then, of flame is transcendent as compared 
with hot air, and this indisputable fact once admitted, tliere is no 
longer any difficulty in seeing wherein Stephenson's, Dewrancd's, 
and Wye Williame' experiments were defective. The belief ob 
tabled then, as it does now, that flame would not enter a small 
tube. The inventor of a safety lamp depending on this princi- 
ple for its success was not Ukely to dispute the question ; espf- 
eially with the example of the Davy lamp — a far more perfect 
invention — before his eyes. "We are told nothing of a forced 
' draught in Mr. Dewrance's experiments, and from the nature of 
those conducted hy Mr. Williams it is simply impossible that 
flame could enter the tube he used. In the case of a loconntivL' 
burning coal, or even a gaseous coBce, there ta no doubt what- 
ever that, with a powtrfnl blast, flame does ti^verse the tubes iti 
' irtiole or in part of their length ; the distance depending on 
their diameter and the force of the draught. As a datum from 
which deductions may be drawn, we may state that flame — true 
bright flame — will traverse a tube 2J- in, diameter, and 6 ft., long, 
at each stroke of the piston, and we feel very little doubt that in 
I cosl-buming engines the tube surface invariably possesses a bigh- 
I' w economic value in proportion to the fire-box than when coki; 
, is burned. We said there was a fourth purpose which the tube 
t ilue might fulfil ; and it is involved in permitting the combus- 
tion of gas, and the consequent production of flame, to go on 
I vithin it Certainly, it is somewhat remarkable that, while Mr. 
I Williams could not make water boil by means of air heated to 
800 degrees, steam of half the same temperature will, if conveyed 
through a worm, cause water to boil freely in an open tbbscI. 
It is known that locomotives with long flues of sniall dia- 
meter are unable to make steam without a tromemluus blast, 
Tlie cause has been sought in the friction of the air a^ainit, VW 
sidea of the pipes. DoabtJesa, there is a cert^ amount ol \;m^ 
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is mamtained. The general formula embodying these reTektioa 
in which v is the quantity of fijel citnauraed p 
hour, H the area of heating surface, a the grate area, and C a 



I' 

^^M Btant varying for each kind of boiler. 
^^H " Grates iot burning wood require to be conEtructed oit diSt|l^| 

^V ent principloa from those for the consumption of coaL Is flUfl 
case, &om the rapid ignition of tbe material, the furnace must UH 
constructed capaciously, while at the same time the area fat tb^M 
admission of air must be reduced. In Russia, where neariy tb^| 
whole of tbe coal used in manufacture is imported iraiu AES 
country, it h usual ti> have the boilers constructed on the auifl 
principle aa has already been described. It, however, sometiat^l 
happens, as in the caee of the late war, that the supply of MlH 
ceases, and the owners of mills are in this emergency under ttS 
neceasity of burning wood, which even in Eussia at the prasnH 
time is more expensive than imported coal. When driven to IMS 
use, all that is done is to remove the coal grate and furnace bsi^iX 

I and substitute an iron gridiron, laid on the bottom of the internal 1 
fines, which increases the capacity of the furnace and decreases 
the grate area. The holler is then as efQcient with wood aa it J 
was before with cool. In other coses the wood is supplied by kJ 
hopper, in which it descends as it bums away at the bottom." fl 
8. Faulty constrvetion of steam boilers. — " It is palpable tfl 
the cloae professional observer of the manner in which eteataB 
boilers ai« generally constructed, that there is not only grMH 
need of reform in the actual workmanship, but that a large pM^ 
portion of the accidents arising fom the use of steam can bM 
traced directly to faulty construction. It is a truism that " th» ^ 
strength of any structure is exactly that of the weakest part;" ^ 
but who can say where the weakest part of a steam boiler is, as 
they are ordinarily made 1 Take a simple ejlinder boiler, lor in- ■ 
^^L Stance : the sheets are mn through the rolls and bent to the pnfl 
^^^k per raiUus] when the riveting gang get to work, they close t^H 
^^^K&ie rivets with great rapidity, but when the holes come Old' ^H 
^^^^^bu "with each other, the drift pin is resorted to, and the sht^H 
^^^^BiB Utorally stretched until the rivets can be inserted ; when H^M 
^^^^niift pin is knocked out, the sheet goes back to its plao^ "^1 
^^^HMa^alnady, wi^ut a pound of eteam presauie, etrais ^SOt^M 
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to cut the Tiveta off Repeat this performance through twenty 
or thirty feet, the length of an ordinary cylinder boiler, and who 
can say where the weakest point of the structure ia ) Suppose 
such a boiler to be made of sUk, for instance, or any flexible nia- 
I terial, what shape wouUi it be in 1 It would be full of puckers, 
ifolds, aeams, and gathers, and represent most accurately the vuii- 
jOna trials to which that moat abused of all modern engineering 
^paratusea — the boiler — is exposed. 

"The case ia aggravated, not benefited, when we construct u 
aqnare boiler, for this shape seema, Tiy general consent, to have 
been adopted for marine service. "When the angles or flanges of 
Uie sheets are not broken by the flange turners, they are cracked 
. (mt by the drift pin of the riveting gang, and it ought to he 
made a capital offence to have such a tool on the preuiises of any 
boiler worka. Hew boilers burst nnder the most mysterious cir- 
. caiiiBtances; old hollers are patched and then burst; and we are 
told gravely that ' putting new cloth into old garments ' ia the 
H^ntion of the trouble. On each occasion the Coroner exandaes 
& host of ' experts,' who proceed to declare that 'the iron was 
I burnt,' 'the water low,' 'the stays inanffictent,' 'the water 
' changed into explosive gases,'" &c. ; but it never occurs to these 
irorthiea that the actual strength of the boilers was in many 
cases unknown, and that the boilers may have been at the hnrst- 
ing point for days, weeks, or months, until at length it gave vray. 
" It may be argued against this view of the matter that, if hy- 
jdiDstatic pressure is applied, it makes no difference where the 
' ftiain comes, for the boiler is, as we have admitted, just as strong 
I'tB the weakest point. It must be borne in mind, however, that 
j it is natural or only reasonable to infer, in theory at all events, 
' th^ every square inch of the boiler sustains an equal strain ; 
with faulty construction this ia impossible, for there may be, as 
iTFe have shown, almost a rending force without a pound of steam 
I in tbe boiler. It is ridiculous to suppose that safety is secured 
, hy neaf-louklng rivet heads, handsomely calked seams, and extia- 
lieavy ironj the beat materials and the finest workmanship in 
Dther respects are of no use so long as rivet-boles shut past each 
other SO much that some rivets we once took from a boiler were 
dSwt neatly half their diameters. Holes will come out of trutU 
' i. fltmoat car^ especially in such hap-hazati wo& asi 
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punching is gsnerally made, and when they do so, the only aafa J 
way is to rivet all the true holes first, rim all the faulty ones toj 
one size, and then put rivets in that fit, just ns a machinist tannS 
bolts to fit true holes in a bed-plate or cylinder. This method iifl 
no doubt costly, and will never be adopted, but it has the mai^f 
of common sense if no other. Tliere is a great deal of carelen^J 
ness in caulking seams also; for when the chipper chamfers tbfl 
edge of the plate, the lower side of the chisel bears on the ahs^^ 
and leaves a furrow, not very deep, it is true, hut sufEicient to eUM 
through the skin of the iron, which is the strongest pact. HUifl 
ther are the braces properly set, for some draw all one way, V^bd 
others don't draw or hold at all, and are perfectly loose ; that: ^fl 
portion do all the work, and the rest are idle, they impatt pa 
strength and are an element of weakness, for the engineer i »1i'(Bm 
upon them when they are doing no good "We at« confident tlotn 
a great deal of attention can profitably be given to the mere work- 1 
manahip of eteam boilers; they are not tanks or reccptaclea for I 
boiling water, hut great magazines wherein a tremendous power I 
ia atored, the safe custody of which is of paramount importanw J 
to all in the vicinity," I 

9. 6. MateTiu/s o/tchich boilers are made (see end of par. l.^J 
If the reader will turn to p. 73 of the first volume of tliia wsAl 
(18G3) he will there find described the recent introduction jM 
Kteel as a material for boilers, and a statement of the advanUfdH 
claimed for it. This was considered — as, indeed, by many it ^^| 
still considered — a great advance, bearing the same relation In 
the use of wrought or plate iron as that bore to the use of caat- I 
icon aa employed in hoiler construction in the early days of steaniJ 
engineering. There is nothing, perhaps, more striking in thj 
outline of engineering discusaioa of theyearwearonowrecorii^^ 
than the attention which has bean drawn to the use of caBt-iM^| 
in the making of boilers, as being likely, in the estimation JB 
^^^■Ift supersede wrought-iron and steel, more especially -^^1 
^^^H|Bo true is it, apparently, that certain systems revolTV^^H 
^^^^b foil operation at one period, then dying out, and Bg^| 
^^H^q( The proposal to use cast-iron for boiler purpo8eft>^| 
^^■Jmuplification of this, The following are articles, oc pn^| 
I iolea, wliich have appeared in the pages of our leftdif^l 
^H^HMUt^ [ nert int«CBtii]g aubject. "Simple *l^[fl 
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art of working," saya an oHitoiial article in the Mechantorf 
Magszine, under date May 27tli, 1864, "in plate-iron mny ap- 
pear, it is not the les3 certain that the practice of this art is of 
very recent date. Half a century ago the conversion of the pro- 
dact of the smelting furnace into plates, sheets, or slaba of mal- 
leable iron was Httle understood, and practised hy few ironmasters. 
Bara and rods there were in abundance, of good quaUty, too ; 
perhaps better than those habitiiB,lly met with now ; but even 
in the present day, with all tlie aids of machinery and the teaeh- 
tnga of experience, it is very well known that the production of 
i tiioroughly good boiler plate is a far more difficult task than the 
mnnttfacture of square, round, oi flat bars of moderate scantling. 
' Fifty years ago the construction of rolls capable of taking a plate 
5 or 6 feet wide within their gripe tased the akiU of the me- 
,1 chanieian in no ordinary degree. Lathes suitable for giving a 
true aarface to such rolls had no existeuca We have examined 
I very many specimens of old boiler plate in excellent preservation, 
but we have been unable to find any pretcndiiig to an equality 
of thickness over even a few superficial feet ; and though this iron 
! has been for the most part good and tough, still the grain has 
j taken a mure prominent place than is at all desirable. In short, 
the material is not that which the modem hoUer-maker would 
I eelect to exercise his skill on in the formation of anything like 
I finished work Old plates, too, were almost invariably difierent 
j in quality and quantity at the edges, coming from such rolls as 
I then existed, ragged and poor to a degree which rendered it im- 
I pemtive that a very considerable selvage, so to speak, should be 
I removed before the plates could be properly worked up. 
I " If the art of making such plates was imperfect, the art of 
I wraking them np into boilers or tanks was very little better un- 
I deiatood. A punching-prees, calculated to drive a fair hole 
through a half-inch plate, was something worth making a pil- 
I gnmage to see, while shearing was a thing not to be lightly un- 
I dertaken. For the most part, boiier plates — for girders and the 
I £ke were unknown — were heated red hot and cut into shape ii 
j Ibe fotge. Rivets were all made hy hand. It is very donbtfiil 
I wbeu the simple rivet-anvil, now so much used in small shops, 
! ma first introduced. Before its advent each rivet had to be 
made aa a nailer turns out each nail, by a certain amount oS Bfsi\!isA 



ENGINEEKING FACTS. 



[DIT. 



labour necessBij to its manufacture. M'^ith the rivfet-anvil mjU 
urdioar; labourer can make rivets all of the same length, aliuo^t 1 
as quidcly as he can strike with the hammer, half a dozen blowe I 
being sufficient to complete each, wliile a seventh on the triggcC' J 
bar throws out the headed rivet. Simple as tliis invention m^fl 
it is certain that its inti'oductioii must have wrought a snt^f 
change in tbe practice of workingin plate-iron. Something >BO^H 
was still wanting, however, even when plate-making and benduiH 
rolls bod become habitual, and when punching and shearing in^| 
chines had been brought to moderate perfection; and this KmiH 
thing was good rivet iron of exactly the Game diameter, not aliu^l 
through one bar, but through hundreds or thousands of baiB, Bti^| 
strange as it may seem, we can assure our readers that the iiuB^| 
facture of bars of round iron fuIfiUing this condition, is not a tiiii^l 
of the post, but of the present, ^M 

" The progress of the steam engine has been isochruncnia irial 
the progress of the iron manufactures of the world. With i^^l 
improvement in the means of obtaining power for raising o>a| 
for draining pits, and for blowing furnaces, we find that eoU^I 
prising men adventured upon new schemes. It is not too mndH 
to say that, in return, the steam engine has profited 1aigel;f VtM 
every advance in the art of working in iron. These advantagan 
and benefits have been reflective so far, and it ia likely that suott I 
will continue to he the case so long as iron is forged, or stefus I 
used to supply motive power to the machines which forge it; hntJ 
we must expect, on looking back to the past, to find thal^ iBtMl 
infancy of the art of working in iron, expedients which W6 VOliH 
w regard as very exceptional, were commonly resorted tM^| 
the construction of steam machinery; and, perhaps, in BDi^H 
partnjent is this fact more apparent than in the history rf 't^M 
development of steam generators. .J^M 

"The first engines ever naade were employed in the HBd^^l 
districts, and it is by no meaus easy to say in what district ^^^1 
Aa this is a question of little importance, however, we neecU^H 
1 tlwell on it. When the first wrought-iron generator was tli|^| 
Us ft matter of more interest. Savary nsed cast-iron ; B^evoonM^I 
Khii BUCCeesor, u.sed wrought-iron ; but it is worth noticing filial 
nibil^ Savary raised steam of 30 lbs. to jf) lbs. above the B^i^| 
HAu^J£|j)lpunitia Beyer employed prossures of more tbaik^^H 
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In tte first place, as his engine did not work by the 

:t action of the st«ani, higher preasures would have availed 

b nothing ; and, in the second, it is oxtremelj doubtful if any 

~ oiler could in his day have bseu made tight under 

r preasurea. With the introduction of low pressure stfeani, 

ind that many strange schemes for the constractiou of boilers 

• pi'oduced, all ijiteuded to obviate the difficulties of working 

Thus, Watt propofled boilers made of wood hooped, 

) a cast-iron f uroaco 'within ; and others, boilers of atone, or 

r copper, which last could he brazed, were actually used. 

;, nntil the cnmparatively recent introduction of the loco- 

jBve ei^ine, it was by no means easy to procure wrought-iron 

9 tight under high pressures; for low pressures, they aoon 

a popular in the raining districts, and old punching and 

ing machines, of a pattern now seldom or never used, once 

ployed in their repair or construction, may still be seen lying 

Itected and ovei^rown with grass and weeds by the roadside 

'Block country.' 
? There is an old French proverb in existence, which, being 
lated, aays that we always return to onr iirst love; and it 
( unlikely that this will be verified in boiler en- 
tering. At ono period it ia beyond question that cast-iron 
e were habitually used for generating very high pressures, 
Jt they were used simply because the material possessed con- 
iictive advantages which were not then believed to reside in 
^ht-iron; and if these advantages are found to reside in it 
I, nnder a principle of constmction modified to meet existing 
ids, there is surely no good reason why it should not be 
itnaUy employed. Cast-iron is really far better adapted to 
it the ordeal of fire and water to which a holler ia exposed, 
1 the beat wrought-iron plate ever manulactured. Aa to 
Higth, we all know, or we all ought to know, that that is a 
'Blatter of proportion quite as mach as a matter of material. 
There is nothing !ike practical illustration to bring auch truths 
home lo the mind. Let us suppose, then, the case of two hoDera, 
one made of plates half an inch thick, the other of plates one 
qu>ute>r of an inch thick; if each of these boilers is, say, 6 feet 
in diameter, the first-mentioned will possess aa nearly as may be 
P'ttv^teength (^ the other if we neglect aU ooosi&sn&isaa 
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coniioctcd Avitli the process of riveting. In order to render bdh. 
of c<^ii:il str(>ii^th, it is only necessary to reduce the thinnest of 
the two to half the diameter of the thickest In the same way 
it is ci'rtaiii that a cast-iron tuhe of a given diameter may be made 
quite 08 strong as one made of wrought-iron of the same thick- 
ims8, ])rovi(lc(l their diameters are proportioned the one to the 
other in the ratio of their tensile strength. It is only a fiftllacy 
to consider cast-iron as a material wholly unsuitable for the cour 
struction of generators in the abstract; and even in the practical, 
there is no difliculty whatever in adopting such a system of con- 
struction as will enable cast-iron to excel wrought in all thoee 
qualities which constitute a thoroughly efficient generator for even 
the highest pressures. 

" That the arguments adduced against the use of cast-iron are 
many and powerful we do not pretend to deny; but that they 
arc invaiiably a})plicable, or that, in other words, it is impossible 
to devise a boiler which shall elude these objections, is &\ae. 
We daily see cast-iron employed to carry enormous pressures with 
the utmost confidence. Water mains are abundant 30 inches in 
clianioter, carrying pressures due to heads varying from 100 to 
240 feet, or from 50 to 120 lb& to the square inch. Its tensile 
strength may always be brought, in one sense, up to that of 
wrougl it-iron, by using enough of it. It has thus beaten wrought- 
iron in the form of guns many times. Indeed, it is still doubt- 
ful if the best guns which Sir William Armstrong can turn out 
on his system equal the Rodman cast-iron ordnance in their powers 
of endurance. There are two methods of increasing the strength 
of any vessel, or, in other words, its powers of resisting either in- 
ternal or external pressure. The one consists in increasing the 
thickness, the other in reducing the diameter of the globe or 
cylinder tested. As a boiler has something more to do than pas- 
sively withstand a certain pressure, like a water main — Shaving to 
transmit heat freely, in order that it may not become oxidized 
or * burned' — it is obvious that cast-iron can only be employed 
in the form of small tubes or chambers, inasmuch as larger vessels 
should necessarily be of such a thickness that heat would pass 
through them very slowly indeed; but this fact in no way nuli- 
tates against either the safety, efficiency, or economy of a generator. 
Perhaps the present system of employing wrought-iron boilers of 
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colossal dimensiona in out every-dny practice has been productive 
of more injury to property, and of a. greater loaa of life, than can 
be fairly laid at the door of the engineer on any other grounds. 
To Dr. Alban, of Plau, in Mecklenburgh, is due the credit of first 
^anciatiitg the grand principle, thut " all boilers ehoald be so 
ametructetl that their exploHon may pot f>e dangeroug." In order 
to carry out this principle, it is alwolutely necessary to adopt 
some method of construction by which the water and steatu space 
^lall be subdivided bs much as possible. "We will not here dwell 
on the objeetiona ui^ed from time to time against water-tnbe or 
' tabnloua' hoilem We may prohatly treat of such generators at 
another (ime ; at present it is sufficient to say that these objections 
are many and well-founded — so well founded that auch boilers 
have neyer become popular as yet, and it is very improbable that 
tiie conatmotive difficulties which now render them exceedingly 
expensive ever will be overcome; while from the nature of their 
fonn, and the material of which they are made, they have hitherto 
1)een found not only costly to make, but diilicQlt to maintain at 
-Uiy price in fair working order on a large scale." 

On the same anhject, the " Engineer," in a leading article, has 
!|he following, entitled ^^ Cast-iron Heating Surfacfs:" — 

"The change now going on, from wrought-iron, copper, and 
Itreas, to cast-iron, as a material for steam boilers, ia one of the 
most remarkable in modern engineering. It has been so long 
ike custom to regard cast-iron as a brittle material, hardly to he 
iruBted under pressure, that it requires some amount of reflection 
Id perceive wherein it possesses manifest advantages over wrought- 
Wn. It ie often lost sight of that, according to the careful ex- 
feriments of Mr. Fairbaim and others, nearly one-balf of the 
idtimate strength of plats-iron is lost in the single riveted seams 
Bf ordinary boilers. Here, at one atep, the best Yorkshire or 
fcaffordshire plates are brought down to nearly the hmit of ten- 
)^ resistance of the best cast-iron, and it would indeed be easy 
b prepare cast-metal by repeated melting, and hy keeping it 
Bulted two or three hours at each fusion, to make it absolutely 
ANmger than the best wrought-iron single-riveted boiler. Cast- 
boilers may, however, be made of any required strength 
mt either boiling ihe iron or increasing the thitkneaa oS yna 
It ia only necessary to keep the diamebei: Ui mni^exelu^ 
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(liiiioiidioiis to secure an unburstable boiler, the ascertained burst- 
ing pressure of tlio cast-iron boiler spheres now in use (upon Mr. 
Harrison's patent)* being no less than 1,500 lb. per square inch, 
notwithstanding that the metal is hardly more than |in. thick. 
And oven should one or more spheres burst, whether from exter- 
nal injury or otherwise, the small quantity of water which they 
contain would prevent anything like a disastrous boiler explosion. 
The I'act that it is still a question whether cast-iron, properly 
treated, is not the best material for cannon, under all the ind- 
dents of enormous pressure, great heat, and considerable friction, 
loaves but little room for doubting its entire applicability to 
boilei-s. Practice, on the great scale, has, indeed, placed this fact 
beyond question ; or, more strictly, it has shown that, so &r as 
liability to explosion is concerned, and with respect to the con- 
sequences in case of failure, the cast-iron boiler, as now made, is 
altogether safer than any combination of wrought-iron or copper 
for the same purpose. A little reflection, indeed, will show that 
an 8 in. cast-iron sphere is safer under a pressure of even 200 lb. 
per square inch than a 7 ft single-riveted boiler of the same 
tliickness, under a pressure of no more than 50 lb. 

" The resisting strength and safety of a properly made cast- 
iron boiler were, indeed, calculable, and a good d prloi^i case could 
have been made out in their favour long ago. It was not so 
easy, however, to foresee that a great number of permanently 
steam-tight and water-tight joints might be made in a cast-iron 
>)oiler, and maintained by the direct tension only of a single bolt 
Yet the result, once known, is quite explicable. An ordinaiy 
riveted boiler has, perhaps, some thousands of what are really 
joints, under the heads, of as many rivets. In many of these 
there are only two edges, or exceedingly narrow surfaces in con- 
tact, tightness being secured by caulking or burring. But in the 
cast-iron boiler the bearing surfaces of the joints are everywhere 
three-sixteenths of an inch in width, and they are finished with 
a truth of surface not surpassed in the best steam-engine yalve& 
The machinery employed in making these joints produces a sur- 
face in a manner nearer than any other to that which Mr. Whit- 
worth has done so much to bring into favour. The tool begins 

* See par. 2, p. 3-, also -^ai. 3, "^. 1^ 
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witli a deep cut, and finishes by iightiy and tnily scraping the 
BUrioce exactly to a standard gauge. Once fitted tngether, these 
eoriaces would remain tight, bs is found to be the case afwr two 
yeata or more tria! under constant work. Any strain tending 
,to loosen the joints, and whether arising fnim Lead weight, or 
the internal agitation of the water, is apparently compensated by 
.|ba slightly yielding form of the spheres, in a line or row of 
Ullich a considerable compression can, if desired, be effected by 
one or two forcible turns of the nuts of the holding bolts. There 
can be no question that the re-introduction of cast-iron boilers is 
due chiefly to the truth and certainty aflbrded by the novel sys- 
tem of machinery employed for making the joints, aad so far 
08 tte result can be judged by a lengthy experience with the 
waters of difierent parts of the kingdom, complete and continued 
tiglitness baa been fully secured, and without incurring any un- 
due strain upon the parts of the boiler. 

" The most useful peculiarity of the cast-iron spherical genera- 
tor is, perhaps, its exemption from scale. Bo far as experience 
hae gone it appears to be impossible to accumulate an adhesive 
scale within small cast-iron spheres employed for evaporative 
.purposes. This cannot be said of any other form of generator 
I (kf any other material It does not appear to be the case (nor 
KOUld tbere appear to be any reason for anticipating such a 
leeult) that the cast-iron repels the scale natiiraUy tending to 
d;^x>sit from hard water, but as soon as a slight thickness of scale 
it formed it breaks off to make room for more, which is detaehed 
in its turn, and so on, apparently ad infinitiim. It is not certain 
»liat would be the result if the water were left continually hoil- 
iim say for weeks together ; nor is it, perhaps, worth whUe to 
faqiiire, einee boilers are seldom, if ever, subjected to such trying 
inatniont, It appears to be the fact that the scale is deposited 
'ivbile the spheres are heated, and, tberefore, slightly expanded. 
'Ob blowing off, however, the spheres, after having been emptied, 
acquire a further temperature from the surrounding brickwork. 
They expand somewhat further, therefore, and equally so at 
every conceivable diameter ; but the scale, being non-elastic, can 
wJy follow by first cracking to pieces. On the re-admission of 
cold water this would tend to unilennine the scale, while the 
oent contraction of the spheres, at ail parts aWte, vioxii 



4S 



ENGINEEKING FACTS. 



complete the process of unscLiling the inner surfaces. HowereiJ 
this result goes on, it is cerluiii that caat-iroa spheres, eni-l 
ployed as steam, generatore, dti shed their internal coat of eolfH 
as often as they are hlown out. Unexpectedly, no douht^ th^^ 
oast-iron boiler has been found to he the only one which is irt^M 
fi^m the eyil of scaling, and tliis and its other advantages <H!^| 
BufBcient to account for the increasing favour with which it ifl 
V regarded." H 

10. Another of the vexed questions of modern engineering-^l 
although we have a diiliculty to see why it should be oos, as tbfl 
evidence both of theory and practice is as decided in favour i^M 
the first system as it is against the other — is the coinpai^| 
tive value of the methods of dj'Uling or punching holes in f^tt^^ 
On this the " Engineer " bas an able leading article, which nH 
here partly give : — H 

" The process of punching is a rough, and we may say a ba^| 
barous mode of making a hale in an iron plate. A eenes v^t 
holes, too, in a row, can hardly be punched with that (Ii:gree ^H 
accuracy which is necessary in modem boiler making and bridgM 
building. Wo are here speaking only of accuracy of line wit 
pitch, for no punched hole is in itself cyUndrical or smootb, J 
lieaides, whatever want of truth and accuracy there may be iaM 
ordinary punching, it is believed that the action of the puB^H 
strains, and thus weakens the iron. Few, we think, em]dd^| 
punches which exactly lit their dies, and therefore the oper^JeS 
of punching does not give the clean shearing cut which is oca^| 
monly counted upon. An examiuation of a plate which hf^ 
been only half punched through will at once show how mm^l 
the punch distorts, and therefore of necessity strains the iron IJjfl 
on which it acta. ]So iron can be once strained beyond its Ibi^H 
of elasticity without injury, or, in other words, without hc^H 
made weaker ever afterwards. Yet an oriiinary punch dw^| 
strain the iron surrounding the punched hole, and to an b^IJ^I 
' wbioh Mr. Fairbaira has estimated pretty closely irom the J^| 
L flilltB of experiments upon punched plates. Although with f )hH 
Ltiyet holes of l^in. pitch, lo&s than 40 per cent of the ira^^| 
I'niuovQd by punching, the single-riveted joint loses at leaet ^| 
■yet cent, of the strength of the aohd plate. This too, is tll4^^| 
^B^^a^withBtaoding the :&iction at the lap of the iplAta%^rii^| 
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fiins givea each plate a certain hold upon the other. "We believR 
Mr. Pairbaim's experiments showed a losa of strength in the 
iron left between the holes punched in a row equal to about 15 
per cent, of the strength of the same net section of iron before 
pouching. "With very thick pktea tbe injury by punching is 
greater, we believe, than with thin plates. The French en- 
gineers prefer very thick iron for large locomotive boilers, and 
for those 6 ft. in diameter, of the largest Engerth engines, iron of 
16 millimetres, or -^^in. thickness, is employed. Here we be- 
lieve the loss of strength by puncbiug amounts to something 
oonaiderable, and we can ssy that, in some of the French bridge 
work, WB have seen three consecutive rivet holes cracked oat to 
tiie edge of the plate under the combined action of punching and 
riveting. A series of experiments, made by a committee of 
Lloyd's, with reference to the strength of the riveted plating of 
iron ships, went to show that a joint in fin. iron was absolutely 
B strong as one in ^in. iron, the loss of the whole strength, due 
to riveting, being only i(S per cent in the first case, and nearly 
80 per cent, in the second. I^ instead of trusting to general 
i^inions, engineers chose to investigate by actual experiment the 
;effect of punching upon the strength of iron plates, they would, 
■we believe, have reason to abandon punching to a great extent, 
if not altogether. The drill makee a clean cut, without the 
Aance of injury to the iron, and in this way its employment must 
idd greatly to the strength gS riveted structures, and this extra 
iitrength is quite irrespective of the additional strength obtained, 
1^ the certainty that the rivets exactly fit the rivet holes, and 
Qtat the holes ai'e exactly coincident in opposite plates without 
of the drifting tool Kivet holes are now drilled with 
:ly the rapidity with which they can be punched. 
" There were those, however, at the Glasgow meeting,* who 
itended stoutly that drilled rivet holes were in no respect su- 
ipmor to those punched in the ordiiiiiry manner. We are unwill- 
ibg to refer personally to the speakers who supported this view, 
felt they Lad no. facts whatever in support of their assertions 
npon this point beyond the negative proof that boilers made 
with punched holes had not yet blown up, nor bridges, with holes 
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tlniM )nniclieil, yet bi-<»ken down. This argument, however it nay 
cuiniiKinl itself to a certain class of practical men, is not that 
II I Mill whicli tlu* question is to be discussed. No one pretends 
tliiit luidirf.s arc; in danger of breaking down merely because their 
rivet li'Ic.s an; jnincliLMl, and therefore no question of this kind 
is at issue. Thii only question is, do punched holes leave as 
niiK'li striii<^'th, and am they as consistent with tightness and 
.u»'ii('r;il ixcrlienco of workmanship, as tliose drilled with theim- 
])rnv('il iiiiidiiiiery ? It is no pn^of because a bridge has noi 
liiokeii that it is as strong iis it might be made with the same 
mat* ri;ils. The necessity for tlie utmost strength, both of the 
inaUiiials and of their combination in bridges, boilers, and ships, 
is now ijiuni widely recognised and insisted upon than heretofore. 
Xot only an- W(? building numerous bridges of great span, hut 
tin' wei^'lit i«l" lailwjiy tmins is increasing, not merely when taken 
(■'•lU'otivcly, but when weiglied over each foot of line covered. 
So with boilers; while the old sizes are still retained, there is a 
ttiidency to increased pressures ; and in the case of iron ships, no 
iininunt of strength consistent with lightness is too great We 
shall hav(? an additional guarantee of safety when all riveted 
work, to wliicli the security of human life is confided, is carefully 
«irilk'(] instead of being jiunched, and yet we have to confess to 
a wonder that the rei)resentatives of great houses should, both at 
(ilasgow and at the late meeting of the South Wales Engineers, 
••ontend that i)unehed plates were as strong as, if not stronger, 
than those drilled by special machinery." 

11. r)u the same subject the "Engineer" has another article, 
from whi(!h we take the following as usefully supplementary to 
that given above. 

" Let us at once confess that we have no real experimental 
basis for the highly probable assertion that plate is injured by 
the passage of a punch. Pulling a riveted joint asunder by a 
gradually applied load does not really determine whether the two 
punched plates have been affected by the punching alone. We 
think that !Mr. Fairbairn's experiments made in 1838, and 
Lloyd's surveyors' experiments, made by a ridiculous machine of 
which it was impossible to really measure the stress exerted, by 
no means settle the question. Other influences on the iron come 
into play in the case of a complete joint; there is the ham- 
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^^Hnig donra of the rivet heads, tbe caulking of the Beama, the 
^^Ke or leas complicated conditions piuduced by tha arrangement 
^^Hfbe rivets. Tbe questinna are : — Given a pkt« of a certain 
^^B^ess, and of a known breaking strength, with a certain per- 
^^Bttge of elongation withia the limit of elasticity, and of a cer- 
^^H) pei-ceutage of elongation preceding rapture; how are : — 1st, 
^^^B breaking strength, 3d, the limit of elasticity, 3il, the ulti- 
^^Hte elong-ition, affected by punching holes of a given diameter 
^^K of a given pitch i 

^B^We do not even know the laws of the resistance of plateg to 
^^nehing, ae ia indeed confessed by General Morin in the last 
^^Bion of his ' K&istance des Mtit«;riau£.' It is true that Gen- 
^^B Morin gives the results of five experiments made by Messrs. 
^^H9t of Bulton, with a four-cylinder hydrauhc press. Fruui 
^^Hn experiments he deduces the law that the value of tbe ef- 
BSt required for punching increases directly with tbe thickness 
rof the platus. But he remarks that the accuracy of these esperi- 
I menta was vitiated fi-om the pressure employed being measQreU 
I by the loads on the safety-valve of the press — a most inacciirat« 
I Tray of measuring the effort exerted by the plunger. These ex- 
I pfliments are, however, interesting &om the large sizes of the 
holes, and tbe great thickness of the plates. The first experi- 
' ntent was mode with a punch m. 0'200, or T^in. diameter, the 
I fi>ur otliers with a punch neai'ly Sgia, or 0'2Kl diameter. The 
thicknesses of the plates were reepectively ; — m, 0'042, O'OflO, 
0-065, 0-075, 0085; or, in round numbera, Ifia, 2iE., 3fin. 
Sin. and 3^tn. The approximate force ezeri^d by the hydraulic 
pnas was in the first case 711,000 Itilogrammea, and rose suc- 
ees^vely with the 8fin. plates, and with the increase of the dia- 
meter of the holes, to 965,200 kilogrammes, 1,270,000 kilo- 
gamnieis 1,625,600 kUogrammes, and lastly, to 2,083,800 kUo- 
gmnuuus, or the enormous force of nearly 2,042 tons. 

''Examining, however, a very complete aeries of esperimtnts in 
ponching (which have been unaccountably disregarded by Morin). 
made by Mr. John Jones, at the Groat Western Steamship 
Works, BriBtol, and published iu 1853 in the 'Practical Me- 
chatiics' Jonrnai,' we are inclined to dednce the sulfieiently sim- 
ple law as to the resistance afforded by plates to punching ; — 
That this increases directJj as tha diameter of t\w, \ici\e, aw\ liiaa 
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directly aa the thickuiisa of tke plate. Wu may, therefore, fair!) 
expect that the thicker the plate, the more will it be strained h 
the punch in exoesa of its limit of elasticity. Aeconling to thiq 
thicker plates will be more affected by punching th&a thinns 
plates, and the expectation appears to agree with general experienca 

" Then comea the question aa to the effect of the quality of th' 
iroa on its ultimate state after leaving the puuching machina 
We may well assume that the iron left round the hole has heei 
Btiained in excess of ita elastic Umit. The work of the punch ii 
in fact, done some time before it has pierced right throi^h t" 
plate, and the sharp snap caused when the plug leaves the hole i 
indeed heard before the tool is half through. We may thus febl; 
assume that an amount of the plate, within a concentric circle q 
a certain radius &om the centre of the hole, is strained ii 
of the elastic limit. This is also proved by the more 
amount of distortion. The effect of the punch will, therefore 
also vary ivith the quality of the plate — with its n: 
elasticity and ductility. A hard, harsh iron would be greatly ii 
jured, and probably, even cracked ; a very ductile, elastic kind a 
iron might be but sUghtly, if at all, injured. According to 1 " 
Paget'a explanation of the deterioration of wrought iron to whic 
we recently adverted, the ultimata breaking strength under a si 
tic load of the iron in tho neighbourhood of the hole will be ia 
ci'eased. This view is borne out by some experiments c" 
Maynurd of the South Wales Institute, who found that 'th 
drilled riveting did not bear as great a tensile strain as t'' 
punched' The difference against the rolled plates ' was in t 
proportion of tweuty-six to twentyseveii tons strain as eompaiB 
with the punched.' We should therefore say that the effect I 
the punching on the plates will, etBtorie paribus, vary :— ' 
the thicluiess of the plates; 3. with the elastic limit and Ii 
work before i-upturc of the material 

" The way to very simply set the question at rest would be t 
test, by comparison, the elastic limit, breaking strength, i ' 
eiongatiou belbre rupture of a narrow strip of plate cut out o£ O 
pundiing machine. If of good material, ita breaking strength woni 
probably be i'unnd to have been increased by the punching, while il 
elastic limit will have been proportionately diminished. Anothf 
rather broader strip might be tested after being pi 
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aftur the plugs of metal which ha.d been driven out had been re- 
placed and hAminerod out as tightly in as was possible without 
causing much strain. A very harsh iron would he found to hava 
been, perliaps, cracked bytlie punching; iron of rather superior 
qoality will have been scarcely injured ; while BowUng iron, for 
imtaace, will have had its elastic limit considerably lessened. 

"In the work, or the /twee vive de ruiistuJice, taken out of the 
motol by the punch, will be found the general inferiority of the 
material at a riveted joint to the plate in its entirety, When, in 
addition to the effect produced by punalmig, we also take into 
account, ia the case of a boiler, the effect on the iron of the 
bending when cold, the drifting of the rivet-holes, the hammer- 
ing at the rivets, and the caulking, we must see that that punch- 
ing ia only one of a series of operationa that tend to take the re- 
sistance out of the iron at a riveted joint. And it is just at the 
joints where elasticity and ductility are reijuired. It ia there- 
abouts that the action of the coniined fluid in striving to pro- 
lince a perfectly cylindrical vessel is most felt. The deduction, 
therefore, is that mere ultimate breaking strength is not sufEi- 
cient in boiler plate. Although u boiler has not to resist shocks 
like a chain, and although it bos not to absorb work by ita elas- 
tic or permanent deformation, it itevertholess requires good iron 
with a high elastic limit, and more especially at the joints," 

H. In pp. 6 — 12 of the volume of Engineering Facts 'and 
Figures fur 1H63, the reader will find some remarks upon the sub- 
ject of Tubrs for Boilers, on the use of iron, copper, and brass as a 
material of which to make them, their relative value, and a descrip- 
tion of the mode of forming tubes cold drawn &om the solid In 
connection with this interesting subject, the following, from the 
]£echanic3' Magazine, on the use of steel fur tubes, will be read 
with interest: — "The manufacture of tubes is one of the most 
bnportant, though least ohtrusive, conducted within our shores. 
Turn where we will we meet with them, they are absolute neces- 
saries to the Engineer, and the paople at lai^-e would get on badiy 
without tbem ; our water, our gas, even to the remotest eorner of 
London, find their way from the sources of supply to the region 
of demand, through the ubiquitous, all-pervading tube. Hun- 
dreds, if not thousands, of miles of piping, of almost every cun- 
ceivaUe material, are turned oat yearly in England ^OQq. Cti^- 
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pur, oast-iroD, wtougLlriron, clay — nay, even paper — are all oou^ 
verted to tbe eame purpoae, and since ordnance has attracted aju 
received so much attention, tlie whole process of manu&ctiiTe b 
ciniea inveateil with a novel and overwhehning importance. ASta 
all, the relative merits of giine really depend mainly on t' 
qualities — good or bad — as tubes, and the different syateme c 
conBtniction adopted have furnished matter for anxious though 
and close calculation to many a toiling brain. The difficulty o 
getting good tubes for boiler flues is well known. Wrought-ii 
is but too often uncertain in its quality, and tubes made team i 
are easily rendered worthless ty bad or careleaa welding, 
tubing boilers especially, flues are exposed to an amount of han 
usage, which tries them severely. The platee destined to receiv 
them are seldom bored out afreali, and much driving of the o" 
ferrules previously is pretty certain to distort and enlarge tl 
holes. The new Jiuee must nevertheless accommodate themael'ra 
to tiiia Btate of affairs, and if they are not really good they m 
sure to spht, either at once or by the subsequent action of tl 
heat. Copper is free from this objection, and so is brass, in 
minor degree. But copper ifi too soil for coal, the partioloa { 
which, flying under the action of the blost^ soon cut them i 
and the advantages possessed by brass over iron are rarely, 
ever, worth the difference in price, aU things considered, 
thing seems likely to answer so good a purpose as steel — a pm 
soft steel, be it understood, which will work like copper and wi 
better than iron. Steel ferrules have long been used with s 
cess; they dilate permanently within the tube when 1; 
Flues of the same material should possess the same qualificatioi 
a rather important one to the boiler-maker. 

" Steel tubes are not easy to get by tlie mile, however a 
their supply by the yard, or even furlong, would not snffioe 1 
meet a laic demand, or enable them, even partially, to supt 
iron. The fact is simply that hitherto almost insuperable ol^ga 
tions stood in the way of their manulacture on a lai^ scale, 
is almost needless to state what those objections are; the pt 
Ileal steel worker will comprehend them at a glance, and it woi 
be a tedious task to explain them to the rest of the world. 1 
hardness, totighness, and indomitable qualities of the metal stt 

the way of every attempt to make them by ordinary i 
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atid it is only witliin the last year and a lialf or so tbat a novel 
pwoKsa, inaugurated at Paria by a firm, half French, half Englisl;, 
Affgrds a promise tliat they can be supplied in quantity !it a 
moderate price. 

"The formation of tubes by the aid of the drawing bench ami 
the die is nothing very novel Copper and lead pipes have been 
K made for years, if not for centuries. Wrought-iron boiler flues, 
■Ithcnigh lap-welded by the hammer, are passed through dies to 
give them a fair surface, and render them truly cylindrical. It 
is something strange to find that precisely the same principle aa 
that employed in the manufactare of lead piping ia now useil 
with the greatest success in the formation of seamless steel tubes. 
Lead pipes are made by casting hollow ingots, short and very 
thick, which are subsequently drawn throngh dies, their diameter 
becoming less sad their length increasing at each passage until 
the desired dimensions are reached. If we aubstitute the word 
steel for lead, we have the new process described; but it must 
be remembered that the intractable nature of the material re 
quires corresponding power to force it into shape, and thus, al- 
though the mere principle may not be new, the means by whicii 
it is carried out are; and the whole system, both in its applica- 
tion and working, is beyond doubt a new and complete invention, 
well worthy of the serious attention both of the engineer and the 
(Ktillerist 

" Messrs. Cristoph, Hawksworth, & Hanhng, secured a patent 
in December 1863, for 'Improvements in drilling, drawing, and 
rolling metals,' and it is from the success with which the inven- 
tion thus named has been carried out, that we foresee the appli- 
cation of steel on an extended scale to the manufactnre of tubes. 
Mr. Hawksworth is an eminent steel maker, canyingon busiuess 
at IJnlithgow, North Britain. Years of experience have conferred 
on him the ability of making steel of almost any quality with 
absolute certainty. Casting about for new applications of mild 
steel, the manufacture of tubes suggested itself to this gentleman 
and his partners in the patent to which we have just referred. The 
finit experiments were conducted at Paris, and so the thing has 
growQ until the commercial as well as the mechanical success of 
the invention is almost beyond doubt, one of the macliinea bein^ 
alnady at work in Bermondaey, 
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" Tlie detaila of the procoaa are extremely sirapla Two hj 
draulic presses, with rams 1 6 1 inches in diameter, having a strok 
of about 12 feet, are erected, facing each other, in a homonti 
position, on a maaaive bed-plate of cast-iron; each press has 
very heavy flange some 4 feet square at each end. 
hollow to save weight, carry similar flanges cast in one piece wif 
them. These last are bolted together so as to form a whol 
The recession of one ram from its cylinder is conseqnent npc 
the entrance of the other into the opposite cylinder. Stont cai 
iron girders brace the presses apart In the flanges, on the stm 
iug-box ends of cylinders, are countersunk holes, six or eight i 
each flange, in which can be placed and secured die-platea of di 
ferent sizes. In the flanges at the opposite ends are holes di 
posed in the same axial line, of much smaller diameter. 1^ 
upper surface of the main bed-plate is fitted with planed tablQ 
■in which the central plunger-flange traverses, the bed-plat« m] 
porting its weight; this central flange is fllted with a, peculii 
arrangement of screw 'grippers,' to which the tubes to be diaW 
are aflised. These tubes ore made, when the diameter u 
by drilling a hole right down an ingot or bar of cast-ateeL TIj 
uavity is drilled from both ends at once by very ingenious n 
chinery, One end is then tapped to Whitworth'a standard, a 
tlie outside of the ingot turned down to a rather blunt point, g 
flcient to permit it to enter the die for an inch or two. 

" The method of working the apparatus is estrcmely s" 
The plunger-flange is brought into close proximity with one ^lii 
der-flange. The ingot to be drawn is threaded, as a lady thiei 
a bead, on to a mandril rod, on one end of which is an egg-sl 
enlargement of tempered steel, and on the other a nut and & 
The mandril-rod is passed through one of the smaller holes in H 
back flange of the cylinder, and it^ length is so adjusted by ti 
nnt and screw that the egg-ahaped projection is located exacti 
within the centre of the die in the forward flange. The nosa, t 
we may term it, of the ingot, is then passed through the die a 
secured to the plunger-flange by screwing the gripper, correspc 
ing tci the particular hole in the cylinder-flange in which the 6 

placed, into the end of the inttrnal cavity. Two or more it 
put in place at the same time to equaliie the strain 
tbe Sange, The pumps are then put in motion by a steam 4 
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giiie. The plungor-flanga then pToeeeda leisurely from one end of 
its stroke to the other, drawing the ingots literally by the nose 
through the die, and off the mandril, the egg-shaped head of which 
maintains the diameter of the bore in its int^rity, while it im- 
parts a beautifully burnished surface to its interior superficies; 
ilie die doing the same kind office for Lhe exterior. A repetition 
<J the process, changing the dies at each draw for others a little 
unaUer, quickly produces the finished tube, a reduction in exter- 
nal diameter of about 1-1 6th of an inch being effected by each die. 
" After the ingots iave been passed three times through the 
dies they become very hurl from compression; they are then re- 
moved to a reverberatory furuaca, and heated to a bright red heat 
to anneal them. It is a singular Jitct that their temperature is 
flcaxcely sensibly raised by their passage through the dies, pro- 
vided these last are in good order. A slight abrasion of the wear- 
ing surface, however, of either die or mandril, although so slight 
Ehat the longitudinal furrows produced thereby on the tube are 
BO small as to be scarcely visible, will raise the temperature 80° 
or 90" at one passage. This is a strange phenomenon, which we 
have practically verified. The molecular disturbances, and the 
Vork done, cannot be materially effected by such trifling imper- 
!fectionsi indeed, a glance at the pressure gauge on the press shows 
ttiat there is no sensible increase in friction. To what, then, are 
ire to attribute this remarkable effect, produced by so insignifi- 
cant a cause? Such things apparently introduce a new element 
.into the dynamic theory of heat. 

I " Wlien two highly polished surfaces are forced in close contact 
fby heavy pressure, they adhere and become one. The old system 
W plating was based on this fact, thiu sheet silver adhering to 
ilntRitsbed copper with the utmost tenacity when passed together 
LfllKiiigh the rolls of a fiatting mill. Precisely the same thit^ 
ItUes place with steel, and we have seen an iron tube drawn over 
pateel one by Messrs. Hawksworth & Harding's apparatus ad- 
[liwe so firmly tliat they virtually lost identity, aud it was irapos- 
ytaiAe to discover where steel left off and iron began, save by the 
I AcSoti of an acid, The two metals had been 'cold-welded' to each 
other. Sir "William Armstrong's system of constructing ordnance 
is rude and clumsy in comparison with that placed at our com- 
mand by this fact. It is easv to draw tubes 10 Li; " 
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if necessary, or even larger. Such tubes, being maile from ti 
ingot cast hollow, are thoroughly homogeneons. By drawing a si 
ueaaion of tbem one over the other, all the surfaces being biig^ 
and bumisheil, the whole raasB becomes 'cold-welded' into* 
whole, Bupjilying us at once with a gim, stronger possibly tl 
any yet produced. The advantages of this method of c( 
orilnaucB do not cease here, however. If the inner tube if 
uunnnealed, it may be made, by the simple act of drawing, 6 
potsaess that quality of hardness essential in the chase of any gan " 
iutended to stand heavy charges. In addition, by an ingenimta 
Hirangement, Messrs. Hawkaworth & Harding are enabled to rifle | 
the tabe in the act of drawing. Not, be it observed, by outii 
away metal to form the grooves, but by pressing tbem, as a si 
does wax. It is a sufficiently suggestive fact that the Fnn 
Government have ordered, and are now being supplied, w 
50,000 rifle barrels constructed in this way, furnished by Measn. 
Cristoph & Harding of Paris. 

" Quitting the subject of ordnance, we find that steel tubw 
uan be produced of almost any length, diameter, and shap& Sqaa 
with a circular boi'e, or circular with a square bore, octagcau 
square, round, or flat, be the section what it may, it ia alma 
equally easy to manufacture. There are a thousand and one w 
to which these tubes can be applied with advantage. NiA i 
least, perhaps, ia the hooping of journals. The steel being p 
fectly homogeneous, and utterly devoid of fibre, auoh jour 
when in use in a good brass bearing, acquire a skin of aarp 
smoothness, revolving with so KtLlo friction aa to be practjoalf 
indestructible. 

" Although good iron, Bossemei metal, and even ordinary e< 
steels, can be thus drawn into tubes, the work is not easily aoooi 
plished; and there can be no doubt whatever that the suoceei 
the whole thing depends on the admirable quahties of the Hawl 
wort^h steeL Some of the details of its manufacture, then, < 
fail to prove interesting. ' The calico printers,' says Mr. Havdl 
worth, 'taught me how to make ateeL' In the search for a p 
luUarly fine steel for cotton printing rolls, he made one or M 
apparently trifling discoveries, which for obvious reasons hav 
in his own possession. These placed at his command ^ 
■of making the best steel for ' piiut use ' which hsi^ p 
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■■been produced, and which ia in extensive use both here and 
MAnd. The process of manufacture is aiiaply this: — About 40 
lb. weight of the very beat aoft Swedish bars which can be pro- 
duced ore placed in a fiie-clay crucible, and melted in an air fur- 
nace — two pots at a time, just aa steel ia melted. Tlie tempera- 
ture required to effect the fusion of eo infusible a material aa soft 
irOQ is perhaps one of the highest met with iu'the range of the 
arte. The emcihles ate composed of an ordinary fire-clay, pre- 
pared with extraordinary care. The Shefiieid steel maker kneads 
hja clay for three hours. Mr. Hawksworth kneads his for days, 
finding his inlusibihty is to be thereby materially increased; in 
addition certain foreifot matters are udded and thoroughly incor- 
porated. The result is a clay which is practically infusible, and 
capable of affecting the quality of the iron melted in contact 
with it, 

"The iron is not only melted; it is retained at the highest 
attainable temperature, out of contact with oxygen, for a period 
of about six hours; and during this stage of the process Mr. 
ffiiwltsworth carbonises it to any extent he thinks proper, and 
irith the utmost certainty, by means which for the present re- 
main secret. It will be seen, however, that this ii the Bessemer 
jBOCess inverted, the iron being carbonised while in the fluid 
itate instead of being decarbonised. This duration of fluidity is 
an essential condition to the absence of fibre, and we thus find 
, that the Hawksworth steel has every possible degree of hardness 
I which can be required, from that of lead to that of a file ; but in 
no case can the slightest approach to fibre be detected in any of 
lite samples with which we are acquainted. Lai^'e masses of the 
RAtal have never been produced, simply because the aim of the 
manu&cturer has always been quality, not quantity. Were this 
tied a new thing, we would not have said so much in its favour, 
'hit it is a marketable commodity sold by hundreds of tons in the 
year, and we cannot, therefore, be accused of partiaUty if we say 
that it is one of the moat perfect materials produced, and the 
■ooner it is apphed to ordnance purposes the better. The intro- 
doetion of a new mechanical process is always a matter worthy of 
Mte, and it is certainly many months since anything so remark- 
ible as Hawksworth and Harding's method of making tubes has 
" ir our notice," 
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12, In connection with the me of sleet for boilers — on wluoh 
a fuller note will be met with in p. 73 of the volume of "Faoti 
and Figurus for 1863" — the following brief extract from th« 
same Magazine from which par. 11 is taken, will he useful :- 

" Some interesting esperimentB hare been made in Pro 
with steel steam boilers, an account of which has he«n pnhliahaj 
in Dinghr's Polyfeehnic Journal A steel boiler of the egg-ond 
shape, 4 ft, in diameter and 30 feet in length, without flues, mi 
tried. It had a steam dciim 2 ft. in diameter and 3 ft. in height 
and the plates were one-fourth of an inch in thickness. Beoj;' 
it there was placed another boiler, similar in every respect a 
cepting that the plates were of iron 0414 of an inch in thidi 
ness. The steel boiler was test«d by hydraulic pressure npti 
195 pounds on the inch, without showing leak^e, and both tl~ 
iron and steel boilers were worked under a pressure of 66 pomx 
on the inch for about one year and a haE During this p 
the steel bniler generated 25 per cent, more steam than the ito 
one, and when they were thoroughly examined after eighta 
months' practical working, there was less scale in the steel fhi 
in the iron boiler. The former evaporates 11'66 cubic feel fl 
water per hour; the iron boiler 9'3T cubic feet The quattfe" 
of coal consumed was on an average 2,706 pounds for Uu 
one in twelve hours, and 2,972 pounds for the iro. 
plates of the steel boiler over the fire were found to he B 
while those of the iron one were about worn out. ffij 
several wom-out plates of iron boilers have lately been i 
with steel, which, it is stated, lasts four times as long, 
is twice as strong as iron, thinner plates of the former may 1l 
employed for boilers, and more perfect riveting can 
A greater quantity of eteam can also be generated i 
boiler on account of its thin plates, and thus much fuel nuf 9 
econntniKed. Such steam boQers should engage the attentioil:^ 
^ who make and use eteam boilers for engineering and mannli 
purposes." 

13. e. Working and Testing of Boilers, [See coDcluaioil 4 
1.). — From p. 17 to 68, in the first volume of ' Facts ■ 

' the reader will find numerous details bearing upon t' 
rhly important department of Engineering ; which it is 

ifg lepeat, and lie is therefore referred to them ae « 
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prising neatly all that can' be said upon it. Duriaig the year which 
we ore now recording, aome valuable papera have appeared on this 
department which we now give. The first of which, from the 
" Mechanics' Mi^azine," takes up the subject of the supply of 
water to, or the " feeding of boileta," a neglect of which leads to 
many sad catastrophes. 

"The supply of water," Bays the author, "to a steam-boiler is 
by no means a simple matter. Although a force-pump is easily 
oonstructed and easily worked, it does not follow that it can al- 
ways he persuaded to perform its duties with the unvarying cer- 
tainty and regularity so essential in mechanism intended to sup- 
ply a generator with water. A particle of dust, half the size of 
s pea, located beneath one of the valves, may suffice to render a 
very powerful pump wholly inoperativS, and in addition, very 
, gieat inconvenience and expense is often occasioned by the ne- 
cessity for adapting the pump to some situation, either far re- 
moved from the boiler or the engine, in order that it may he got 
to work at all Engines are frequently separated by a distance 
I at as much as 100 ft, from the boilers. The well or tank from 
which the water has to bo drawn may be an equal distance from 
j both J long mains and suction pipes are then indispensable, and 
tiie disadvantages entailed by theii use is well known. Long 
I SOotion pipes are so objectionable, whether vertical or horizontal, 
I &B,t they are seldom or never used in direct connection with a 
I feed-pump ; it being preferable to incur the expense and 
' trouble of a subsidiary pump and tank, rather than encounter the 
jisk and danger of filling the boiler at one operation directly 
tiom the well ; and it is frequently found far from an easy task 
to get tiie power to the right place. Boiler and engine are very 
»rely near together in our factories or ironworks ; and as it is 
osnally found mote convenient to drive the feed-pump directly 
bota the main shaft or working beam of the engine, than hy 
means of separate gearing. The pump is found in one part of 
the promises and the boiler in another. The engineer in whose 
charge the engine is, leaves the question of water-supply to stok- 
ers, who work altogether by gauges ; and as there is Httle oom- 
munication between these men, both pump and gauges may be- 
come out of order, and shortness of water result, in the ahaeniaj 
igS check on their effioienc/ which a simultttiieDttB oteATJB.- 
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H tioD of all the apparatus connected with the supply of the Iwilei 
H affords. Feed-puiupa should always be undei the direct ccti' 
^^ trol and inspection of the stoker or other individual, whoBe dnl?^ 
V it is to Site that the boilers are fed properly ; and it follows, a i 
niitttet of course, that the feeding apparatus should be placed is 
the boiler-house, and not in the engine-room. 

" The question of boiler supply ia so comples, and really on- 
tails 80 many practical dilficultits, that it has always proved t 
tempting subject for inventors. It will not suffice th^t a pnn^- 
or other appliance should work well for years ; if it give out nn- 
expectedly, all its past services are regarded as nothing. It Wif 
be impossible to construct an^ piece, of mechanism thoroughly 
reliable; but the attempt to get as near perfection aa we CU 
ruaoh, ia commendable ; and the feeding of a steam-boiler jam 
is far better managed than it was half a century since. Svenye^ 
however, it is not too much to say that feed-punipa cause mon 
trouble and annoyance than anything else connected with atesni- 
machinery. They are so whimsical and uncertain, so tenataosi' 
of their right*, and prone to resent the smallest infringement of 
the taws by which they are governed, that, without constuit 
supervision or adjustment, no reliance whatever can be placed ott 
them. Engineers are well aware of the fact ; and the duplin- 
tion of alimentary apparatus in every class of engine of any entr 
aiderable size, shows how little confidence pumps have earned tx 
themselves. 

" In locomotive, portable, and marine engines, no difficulty ia 
experienced in combining pump, boiler, and engine in one whob 
best adapted to the transmission of power fi'om one section fa) 
another. Little space ia lost; and the necessity for long suotiMl 
and forcing pipes, as in stationary engines, never occurs. T3» 
force-pump, if driven by the main engine, now fails, however, iB- 
one important particular. In order tliat a tew cubic feet n 
iter may be pumped into the boiler, the entire engine must 1* 
t in motion. The inconvenience connected with this canaCit 
B overrated. Locomotives so constructed frequently 
Ver down to the lowest limit, from the absolute impractical^* 
f moving them in crowded stationa "We know of one loi- 
e superintendent, who, some years ago, before the advent 
l^^tually removed the lead plugs from the 
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crowns of certain engines working particular sections of tbe line 
under his control, substituting iron rivets in their place, simply 
because— with the utmoat can) on the part of his drivers — the 
boilers frequently got short of water, and the replacement of lead 
plogs became aa intolerable nuisance, Such a state of afftUTs 
could only arise from mismanagement ; but no omotuit of mis- 
management could lead to similar results, in these latter days of 
injectors and donltey pumps. The injector, as at present con- 
structed, does not possess a single advantage over the pump, save 
those which lie in the facility with which it can be used whiltj 
the engine is standing, and the fact that water does not he in 
the suction pipes to burst them in frost. We are not disposed 
to undervalue Mr. Giffard's invention. Every engineer, who has 
had experience in its use, will agree with us in bearing testimony 
to its efficiency ; but they must also admit that it is crochetty 
and variable in its action. So long as a locomotive is standing, 
it performs its duty pretty well, although prone to throw itself 
out of action now and then, without any ostensible cause. When 
running at a high speed, it is sometimes simply impossible to get 
it to work: a few drops of water passing through it with tbe 
Bteam stop its action at once. The agitation of the water in thf> 
tender produces the same effect. Over and over again have we 
seen a vain attempt made to get a drop of water into a locomotive 
botler titted with two injectors, while the train continued to travel 
at speed. It is to be remembered, too, that locomotives use purer 
water, as a rule, than any other kind of engine ; and, therefore, 
we hear nothing of the evil effects likely to be produced by in- 
crustation about the nozzles, in situations where dirty water is 
Bmployed. Notwithstanding these things, the injector is so con- 
venient in its apphoation, so durable, and so independent of the 
engines proper, that its introduction was a great step in advance. 
But we would commit an error did wo pronounce tho problem of 
boiler alimentation solved either by Mr. Giffard or any one else. 
We want something stiU, as cheap, aa simple, and as indepen- 
dent in its action aa the injector, and far more certain in its ae- 

" Many schemes for automatic boiler-feeding have been pro 

pounded on the continent; more than one enjoys aonie favour, 

^T)jsy all depend on the same principle. By t\iB ieaiLeiA ftt * 
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float, valTes or eocka ate opened, by which steam from the boiler 
13 allowed to press on the surface of a. body of water previondy 
raised to a vessel placed above the boiler. The eqnilibiima 
thus estabiieiied, the fluid descends by its awa gravity to tbs 
jrator; the float rises ; the valves are ehut ; the steam is snt 
i to escape or is condensed ; the receptacle is filled again, is 
readiness for the next descent of the float. It is evident enoagb 
tlial^ however applicable such expedients may be to statioDJUj 
boilers, they are quite unsuitable to locomotive and probably tie 
marine engines. Tbey have found little favour here; nor ia ti 
remarkable. Any automatic appliance of the kind is ceitun Id 
render stokers and ongine-tnen careless. The better the schem 
answers its purpose, the more likely is it to produce this effect 
It ia not to be expected that a boiler which has taken care 
itself for a thousand days will fail in its duty the thousand a 
first Such things do happen, nevertheless, and fearful mischie 
follows OS a result. The best means of making a careful f 
to let him feel his responsibility, and pay him accordingly. 
" Any future progress in feeding apparatus must, we thinly 
it on the further development of the donkey pump. " 
ptinoiploa involved ia its use are correct ; and it only requires sud 
a modification of fnmi as wiU render it cheap, simple, and c 
pact, to at once entitle it to 'well-deserved popularity. Hithev 
'ts simplest form, the donkey has been neither more n 
n a complete steam-engine in miniature^ with all the cm 
plications of fly-wheel, eccentric, bearings, stuffing-boxes, i 
No wonder that the injector superseded it, as it were, in a n 
meni "What engineers want is a small steam-pump, which « 
work whether the engine is going or not — which wil! draw fis 
a fair depth, and dehver with certainty against any pressure j U 
this must be done, so to speak, by a steam piston and a Ml 
piston, and very little else. Fly-wheels, crank -shafts, and a no 
tiplicity of parts, moving or at rest, must be eschewed- T 
smaller it ia made the better. There is no good reason wl _^^ 
such a pump should not be capable of feeding a 20-boraa boils 
and yet small enough and light enough to be carried und 
^4rm. The foi'ce-pump still possesses many advantages not foon 
a the injector ; while this last confers powers on its user i 
d-by an ordijiaiy pump. In the combination of t^ .b 
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features of both, will be fount! the surest way of pri)iliicijig that 
grand desideratum — a thoroughly good boiler-feeding appara- 
tus." 

14. In close connexion with tho feeding of boilers, are the 
appliances in ordinary use, by which the condition of the boiler 
U regards its supply is ascertained. Of these appliances the 
''water gauges" are perhaps the most important. The consider- 
ation connected with and alfectiog the practical use of these are 
wdl discussed in the following article from the "Practical Me- 
chanics' JoumaL" 

" The importance of a correet and safe means of indioatiug the 
actual water level in steam-boilers, is too well appreciated by en- 
gineers of the present day to need any further urging as to itd 
valne. It is proposed, in the present paper, to set forth the 
most eerious and alarming defects of the existing systems of in- 
dieating the true water level in these " magazina de violence." 
The defects of the old float syetem are so well known that any 
comment upon them would amount io superfluity, and yet, if we 
^oose to use oar powers of observation, we can every day dis- 
eovGi several of these dangerous instruments in constant, and as 
^unfortunately too often happens, "i/ucifit "-reliable use by their 
.[ignorant proprietors. The number of exploaiona which have 
^Mxurreil, and are likely yet to occur, from the reckless persistency 
in the use of these reprehenaive boiler appendages, are more 
than enough to justify the utmost censure that can he raised 
agwnst them. 

] "It is, however, to the more modern furnis of water gauge that 
Ws wish to have attention more particularly directed, and it is 
;^maumed that its general form and principles of construction, 
Itunely, (the gloss tube mounted with cocks at both ends in di- 
nct communication with the water and steam spaces of a boiler,) 
fen thoroughly understood. The writer has had ample opportu- 
nity of testing the results obtained, and the consequences whicli 
-rollow from the employment of tho glass tube water gauge, hav- 
ing himself taken off several of them at various times from 
'dij^rent boilers (chiefly locomotive) on an important line of raU- 
iray in the south of England, noting at the time tho' amount of 
Qorroaion or deposit that had formed on the interior of the cbao- 
Cels connecting the glass tube to the boiler. These paaaa^ea w 
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^t chHJUiels have, on several occasions, been foosd nearly closeil nt 
^B cbnked by corrosive or deposited matter. 

^1 " Having measured the diameters of the connecting otianwlj' 

^a of a large number of gauges wheu perfectly free from conoNOn, 

^v they have only in one or two instances, being fonud to ezceol 

H '375 inch diameter, frequently they are not more than '25 incii 

H diameter, the more oaual siiie being a mean between the two, or 

f about ■3126 inch diameter, and it ia beUeved that there is a 

urgent affinity existing between the material of wldcb the g: 

mountings are mode {which ia always brass or gun metal), aoi 

the deposit produced from the water. Ttie reasons for helieviiig 

I this to be the case, are inferred ftom the fact that the amount i 
^deposit found in these channels is greater than that genml^ 
found in any other part of the boiler. It may perhaps be er" 
gested that the locahty and position of the channels of wat 
■gai^a would favour the excess of deposit in a superior degM 
to any affinity that may exist, but in the writer's opinion, i 
position influenced the extent ikt all, it would cause a thick li 
on the lower side, and little or perhaps none at ail on the nppt^™ 
side of the channel, whereas in every case the amount has b 
found equal on all sides. 
'" Two gauges were taken off locomotive boilers in which til 
deposit bad taken place to such an extent as to leave a p 
for the water of little more than '0635 inch diameter, and CI 
in which the lower channel was entirely closed, the i 
which was, as might naturally lie expected, a burnt boilet 
L " But it may be contended, and no doubt will, as against tt 
H statements, that such a state of things cannot really exist ; 
r how, it may be said, can such an amount of corrosion 
vided, as most gauges are, with screw plugs which c 
drawn, and an instrument inserted for the removal of all c 
matter from the interior of these channels 1 The answer i^ Q 
the substance which adheres to the sides of these channels iB^ 
kssceseively obdurate, tliat any instrument which c 
trough the plug holes fails in the attempt to rem< 
' "The writer remembers having tried to remove tlie conwaB 
lobstance •ftom the interior of several gauges by the use of J 
Ehammer and chisel, when the substance proved to be so hard tf 
wpable of being operated npon, that the chisel was i 
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I bhnted, and but a trifling portion of tlie corrosive matter 

; and besides all this, if even the substance could be 

BOTed by the use of an instrum-ent such as could be inserted 

igh the small plug holes, it is asked, how often would an 

((pneman take such precaution ) It is perfectly tnio that some 

f of Dur locomotive auperintendents are very fond of putting fines 

OB their men for non-fulfilment of duty ; hut how often do they 

;o inquu^ into what are considered generally 

I Bunot details, such as have been above enumerated i In the pre 

I teat instance, there is much diSictilty in ascertaining the actual 

;e of things, as this can only be done when the boiler ia cold. 

r Hues of railway it has frequently happened that 

IS either burst or in some other way become broken 

e time an engiae was proceeding with its train ; the engine- 

a at once attempts to prevent the steam and water from gush- 

tg out, by endeavouring to shut off the communication with the 

iiiler ; still, it frequently ia only an attempt, for he finds that 

le cocks have become so firmly fixed from want of use and oc- 

l tomiog, that he cannot stop the exit of steam and water 

g the fractured orifice. He has hut one remedy, and this 

t be resorted to instantaneously or dire consequences would 

itftbly follow J he stops the engine, drops the fire as speedily 

wiUe, to prevent at least the burning if not the explosion 

le boiler. Many readers of the Practical Mechanics' Journal 

b doubtless aware of the utter misery of being detained on a 

(g journey by some such catastrophe. 

" Stil) another proof of the insufficiency and inaccuracy of the 

I htbular water gauge may be adduced, which also arises from an 

IS of corrosive deposit in the channels, viz., on ascending an 

incline the gauge will probably indicate full or nearly so, and on 

uriving at the sunimit, and thou either taking a level or descent 

I the water should instantly fall in tJie gauge in a proportion cor- 

wponding to the new position of the boiler ; such, however, is 

Ml always the case, the channels or passages having become so 

nearly closed, the water cannot find a level in the gauge to cor- 

nepond with that in the interior of the boiler for some httle 

I tiine. A more extended list of defects could he adduced, to bear 

It the justice of the foregoing censorious remarks, but it ^ cto- 

ilijei^ that enough has been said to discover (thougli oaV^j V) 'i 
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Bmall extent) the utter impropriety of looking for aecnrate ii 
cations by these boiler appeudogea nhich are known to be J 
fallacious. 

" After saying so much that is unfavourable to the moat a. 
mon forma of the inatrmnent in question, it will no doubt S 
expected that some anggestions will he thrown out for i 
provement, and it is asked, why, what is the reason that a 
or indicator constructed on principles similar to that brought oid 
in the year 1848 by Mr. Eobinson, and described in the flnt 
volume of the Practical Mee/ianics' Journal, page 43, has 
been adopted 1 It is believed that absurd prejudice is the only 
barrier. 

" By this instrument we always have the means at 
ascertaining the true water level without the slightest possibili^ 
of error, consisting, as it siniply does, of a piece or Btrip of plate-a 
gtasa fitted with a proper casing and joint to the side or inn 
of a boilei', and forming itself a portion of the boiler's aidM 
narrow slot being cut in the plate to give the water direct aoed 
to it. The weakness that would be produced in the plate ■ 
the cutting out of the slot may easily be counteracted by ri*i 
ing a joint ring on to it in a manner similar to that whiAl 
used for strengthening boilers at the man hole joint. I 

" Mr. Foirbaim, soma years since, demonstrated, by a seiiwl 
most elaborate experiments, the severe strains that glass IN 
capable of enduring, which will be found fully detailed UM 
second series of that gentleman's 'Useful InfonnatioK^^Mfl 
gineers,' and on perusal will conviuce any attentive 4^^^H 
there is no difficulty in obtaining a strip of glass sei<^^^H 
tensile strength to any part of the boiler itself ; thiHr^^H^I 
cannot be raised as a practical objection to its introduetiaidH 
may also he contended that the difference due to the sixpand 
between the gloss and iron would prevent a tight joint &Bm<fl 
ing effected ; theoretically this objection may be raised, but wk 
not of practical importance, if so, how could 'flat glass gnS 
be in usel It certainly is thought that no suHd objection dbu 
raised against the introduction of such a gauge as that. 21 
mentioned ; at all events, it is high time some remedy ehonlu 
adopted to improve the existing forms and constraction of'^ 
-|HWtiniaant^ and so prevent many persons fiom faiths: gnHi|iiia 
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ttie dark as they Iiave hitherto done, auii are stili doing. There is 
ample proof to jnstify the statement, 'that the existing means 
of indicating the true water level in steam boilers caunot be de- 
^^eiided upon.'" 

15, The testing of boilers by jneansof ''hydraulicpressura" m 
another of the " vexed quefitions " with which practical engineejing 
^tbonads, and about which there has been probably more dispute 
ttuui in oouneetion with any other. In the rauUiplicity of opinions 
Ifhicb luive been promulgated on the point, the tyro, or he who 
Idoabts his own abiKty, and is anxious for a wise counsellor to 
guide him, is perfectly bewildered. Some, he finds, maintain 
Quit this mode of testing is of imperative necessity, as being the 
Only way in whiuh ita ultimate safety, when in practical use, can 
be secured; others take the opposite view, that the very testing 
tongs about that unsafe condition wliich it is its object to ob- 
iriata Then, again, those who agree aa to the value of the prin- 
ciple of the test, hold very diverse opinions as to the extent to 
Which it should be applied, or the araount of pressure which, by 
jite means, is put upon the boilers. Still further, some hold tihat 
if is useful to ascertain the condition in which old boilers are 
irhich Lave been long in use, hut insist upon its inapplicahiKty, 
pE, at all events, its inutility, in the case of those which are new, 
•nd have not been in use at all.- Then, again, the condition of 
ttie water is another disputed point, some insisting upon cold — 
miieL is the rule — others upon hot water, wliiuh is the escep- 
nsa in practice. On this point we may say it appears to us that 
Hihe water ia hot — and the higher the temperature the better — 
JHte condition of the boiler in the trial is brought nearer to what 
11 undoubtedly its condition than ia practical use. The expan- 
MKL of the boiler under the action of Lot water is a condition 
Hnch should not be ignored in the testing of a boiler. It is 
M^ howeven, here to note the fact, which cannot, we think, well 
ih disputed, that by far the greater mc^ority of practical authorities 
Wb in iavour of the hydraulic teat for boilers. The subject, in 
Mb practical bearings, is well discussed iu the following article 
fbom. the " Engineer," which, although cozifined specially to the 
%lttiiy} of locomotioB boilers, obviously conveys much that is 
applicable to other fonaa : — " Within the last few years a con- 
■ 'e number oi locomotive boiler explosions liaveta,ls.eii-B\ace, 
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and ia every case upon one or other of tLe gnat lines upon nhicb^ 
locomotive boilers are never tested hy the force pump. Oa the " 
other hand, we believe that there ia no aocoant of the explos 
of any boiler regularly tested by the pump upon either of tba | 
lines where that te^t ia adopted. The engineers of the Mimche 
ter Boiler Association, and the Midland Boiler Association, a 
having many hundreds of boilers under their care, insist nj 
the hydraulic test as the only fiearohing inquiry which can 1 
made into the internal character of a holier ; in France tlie h 
requires aU steam boilers to be tested by the force pump, ai 
in those parts of the United States where a police inspection 
boilers has been adopted (and this is the case in the a^jaM 
cities of Hew York and Brooklyn) the hydranhc test ii 
required. Now none of the great numbers of boilers under I 
care of the Manchester and the Midland Boiler Associations hi 
exploded for years; explosions are especially rare in France, ai 
even in New York, and notwithstanding the terrific explon 
the other day on the Chenango steam vessel, the occurrenee 
this class of disasters is novv unusual. We believe that e: 
rience is altogether in favour of a regular test of boilers hy w 
pressure, up to nearly, or quite^ twice their working [ 
Yet there con be no doubt tliat the opinion of many well-kl 
and long-experienced engineers is decidedly opposed to thi^ i 
indeed, any kind of testing, and we have heard it said that t 
locomotive superintendent of one of the principal lines in t 
kingdom has declared that, if ho were called upon by his direotl 
to apply the hydraulic test to the boilers of his engines, be n 
resign his position. This is the feeling, we believe, on tha L 
don and North -Western, London and South-Westi 
Western, Great Northern, Midland and North-Eaateralj 
with, perhaps, one exception, locomotive hoileT exploi 
become compamtively common upon all these V 
and we will not say without reason, that a tempor 
much beyond that at which the boiler ia int 
work, may permanently injure the boiler, and thus t 
tail at a lower pressure than would otherwise have b 
r, to put it mora strongly, lead to failure, where, i 
feilnre would have happened. Now, it is quite cert 
WOMoa jnay alvraya be tested up to a strain of IM 
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Bttout injury, remaining every way as strong bs 
This, VB repeat, is true with respect to tlie 
best boiler iron, and even to the average of Yorkshire plates. 
It is only iron that breaks at 20 tons strain, or less, tliat is in- 
jnred by a strain to half that amount, or rather more than one- 
Iialf, for a single strain up to one-half the breakiag strength of 
iron does not, on the general experience in such matterit, produce 
injnry. The bursting pressure of a strong locomotive boiler, i 
feet in diameter, and made of the best ^-incb plates, with double 
iJTeted joints, should not be less than 860 lbs. to 900 lbs. per 
square inch, corresponding to a strain, of, say, 37^ tons per square 
inch of the strained section of the iroa Upon the ordinary 
rarperience witli iron under all other circumstanoas, it should be 
{nudent to test such a boiler to even 350 Ihs. per square inch, 
tani at least to 300 lbs. It is to he remembered that there are 
91-inch boilers made of 7-1 6ths of an inch, and, in some cases, of 
no more than f-inch iron, and which, single riveted as they are, 
woald, when new, burst at 500 Iba. pressure ; but this style of 
IwUer-making is not now continued in locomotive practice in this 
Mtrntiy. Even here, however, the boiler should bear a test- 
jwssure of from 200 lbs. to 225 lbs without injury. Never- 
tkelesE^. in boiler-making, the strength of the structure is some- 
Mmea unequal, and in parts less, perhaps, than that of the cylin- 
iHlical barrel, the bursting pressure of which has been taken in 
Sm estimates just given, and to which bursting pressure all other 
nrts of the boiler should be equal. It is, perhaps, the lear that 
^VSy are not that causes many locomotive superintendents to 
Iwntate before loading their boilers, even for a temporary trial, 
lb more than their ordinary working strain. If, however, we 
■Bome the ejiistence of weakness, whether original or produced, 
m-any part of the boiler, it may, of course, happen that, without 
PlBdosiiig the defect, a hydraulic test would aggravate it. Here 
■I 0ie real ground of objection to the hydraulic test carried, say. 
In twice the working pressure, or to evon one-half more than 
Ihfl usual load. And as the fear is grounded within the range 
Inf probability, engineers will never, perhaps, fully divest them- 
^Wes of it. Dr. Joule has proposed to infer the strength of 
?tKrilei3 by filling them quite full with cold water and then closing tbft 
y-valves, and lighting a £re in f he flre-box or other fee'gWa. 
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The atrain here applied woald be that produced by tlie e 

eion of water by boat Tha density «f water being greatest i 

39", it ia the same at 46° as at the livezing point, and &om 46'>t 

the boiling point the expaneiou in volume amounts to about on 

twenty-third of the original bulk, the rate of expansion b 

very rapid after a temperature of about 1 60° haa been reached 

Dr. Joale's plan ia to watch the inoroase of pressure upon a pia 

Gure-gaugo, and if it be regular, to infer the soundness of til 

boiler; a jetk or suoeession of starts of tlic pointer i " " 

denoting weakness. We have no means of knowing how f 

^^ this mode of testing has the advantage over that by the pump 

^L but we foar that, even if some portion of the boiier waa oya 

^1 Strained in the process, the rise of pressure would not be i 

^F irregular aa to attract attention; nor, allowing for the i 

inevitable want of exact truth of form in the boiler, should * 
expect the gauge to rise quite steadily, however sound the hala 
might afterwards be proved to be. 

" The real defects to be anticipated in a boiler are not unifi>En 

P weakness, affecting all parts alike, but local unsoundness, ( " 
where the cause can hardly be detected, even when the iron h 
yielded under strain. If the iron, being weak, were uniformly 
so, nothing would be easier than to place a ateel tape around tho 
boiler and to note whether, ai^ter the pressure was let down, tha 
barrel assumed its normal circumference. But a flaw at a singld 
port, as long as the remaining strength there was just abo 

»the test pressure, could not, of course, tell sensibly upon th^ 
dimensions of the whole boiler. But the real value of the h 
draalio test is not iujm-ed by this reeisoning, nor, if properly a 
eidered, need any danger be apprehended as the result of its apJ 
plication. K a boiler is really aa strong as, with what are t 
lieved to ha the best materials and workmanship, it may be a 
ciliated to he, no test up to one-third, nor, indeed, one-half thid 
strength, should injure it. We would not, at the same 1 
recommend much, if any, more than one-third the caloul 
huieting strength. Let us suppose that the test pressure is t 
the working pressure, and that, in reality, the ultimate strength! 
of the boiler was, in consequence of some local weakness, but J 
twice and a-half the working pressure. Here the boiler is alreadya 
^^^^^SMiiid, and although It is possible that the teat may Sj 
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the unsoundness, it is certain both tliat the weakness will, after 
a time, show itself in any case, and that, practically, the danger 
13 not greater tha,n before, so long &s the working prcsBure 
IS kept at one-half of that at 'which the boiler is tested. In 
other words, 300 lbs. having been borne without visible failure, 
X25 lbs, to 150 lbs. should be within the limits of safety for a 
I Uoderate period of time. If, at the end of this, the boiler baa 
■ grown worse, a subsequent test with the pump may bo expected 
to show it at once. In any case, a boiler which is injured, how- 
ever nnsuspectediy, by the force-pump test, must have been al- 
»ady much less strong than was ta have been fairly calculated 
iqKm, onless, indeed, there were reasons for snapecting weak- 
qma, in which case the boiler should be examined in the moat 
|thi»Oi^h maimer, and, unless quite satisfactory, condemned at 
lance. The danger, we believe, from a boiler overstrained by a 
hfcrce-pump, is not, practically, greater than from the same boiler, 
Bopposiiig it not to have been tasted. If locomotive superin- 
idents everywhere should adopt this vieW; and act upon it, 
ore cunHdent that locomotive boiler ezplosiona would become 
Tery rare occurrence." 
16. With reference to' the practical points involved in the 
i.*Otking of boilers, however unanimous may be the opinion as to 
Talue of the principles upon which they are founded and the 
which are the pinctical outcome or result of these princi- 
^es, it is obvious enough that much will depend upon the way 
which these principles are carried out, and on the manner in 
~ ;h these appliances are attended to. For in this, as in other 
there are two ways of attending to a duty or duties, the 
tess and the careful The waar and tear of a boiler, or to 
1^ it in other words, the rapidity with which it is brought from 
condition of efScioncy and safety to one of inefficiency and 
Banger, although doubtless dependent in some, possibly in great, 
imsure upon a variety of causes occult and otherwise, over which 
ttttle direct control is obtained ; is nevertheless in other measure 
fbo dependent upon the way in which it is worked and the 
icsre to which it is subjected. On this same subject of wear and 
Hear of boilers, the Mechanic^ Maijasine has such excellent re- 
I'lnarks that we here extract the article in which they 8.i^^«t. 
o& tbaee zemafJcft we ace ghd to nee, are coiEobom\ine oV 
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what W6 have ourselves said in tha iiitroductioQ to the prese 
Division, and to which some liy the way may have taken exc 
tion aa giving a perhaps too low an estimate of the poaiti 
which ' boiler engineering' occapiea as compared to other depa 
ments of the art or science. 

" The wear and tear of a steam toiler, properly made, » 
properly worked, should be, and often is, almost infinitesim 
Instances are not wanting, -where plain cylindrical boilera h 
been in nse for more than thirty years, and yet remain in a 6t_ 
fit for servica The nature of the strain to ivliieh the plates 
a genei'ator are exposed from the pressure within, in no way 1 
semble those which produce crystallization and fetigue in ii 
They are scarcely dissimilar from those due to simple grav 
without motion ; and it is not more likely that tha mol 
relations should be distuibed in a boiler plate, than in a ; 
or breastsummer supporting the front of a house. Fressnni 
any variation in pressure, so long as it does not approach 1 
limit at which iron loses its elasticity and suffers permanent i 
flection or elongation, cannot iiifiict injury of any kind ; audi 
may, therefore, consider it under such limitation, i 
innocuous in its relation to the material of which bofleia I 
oriiinarily composed. 

""Were no other agency called into play by the operation! 
making steam, the duration, of boilers would 1>e measured 1 
centuries rather than years. Unfortunately, chemical ( 
more or less resulting from unavoidable ignorance, < 
neglect, acts destructively from the moment the plates leave i 
rolling mill until they are deemed no longer worthy of ct 
in the shape of a vessel for generating steam. The p 
locomotive and portable boilers, liaving other duties to p 
as well as sustaining pressure and transmitting heat, followiugl 
the attachment to them of machinery, are exposed to addict 
agents of destruction — such as vibration, percussion, and vac 
cross strains and twists — the effects of which are manifest anoi 
though the actual manner oi bringing about these effects is i 
almost wholly a matter of eonjecture ; while the marine b< 
is shortest-lived of all, for reasons lost for the present in. i 
jOhecurity. 

vrem and tear of boiler plates is a subje;^ i 
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the moat Berioiis consideration. It is not, perbapa, too niiich to 
say that niue out of every ten explosions are directly the result 
of corrosion. Setting aside the tbLuo o£ human life and limb, 
we iind that the mere pecuniary interests involved in eitber the 
gradual or sudden destruction of a boiler are very considerable. 
Repairs are at all times e:!pensive ; and the time lost in making 
them ia often a serious source of pecuniary loss, worry, and trouble. 
H^ice the replacement of a plate or the alteration of a defective 
flne, is often staved off from day to day until irreparabla mischief 
is dona Kcflccting on these things, it seema strange that boiler? 
ahonld be built, and fired, and worlced with a negligeuce which 
apparently regards iron plates as indestructible, and the results 
of an explosion as trifling to a degree. We cannot set such « 
^atem — or rather such a want of system — ilown wholly to the 
score of stupidity or neglect. We know that boilers, in the best 
hands, under the most careful management, often become worth- 
leas with a startling rapidity which no amount of theoretical 
ttasoning can account for, nor practical skill can arrest or delay. 
The utter uncertainty in which the engineer is doomed to Hve 
U to what really does or does not promote durability, leads 
naturally to recklessness, neither the result of want of thought 
aoc of indolence. Corrosion ia too often regarded in the hght of 
1 « iate — a destroyer, merciless, and indiscriminate, before which, 
as Iwfore a kind of fetish, the manufacturer and the shipowner 
bow down and submit. 
j" "Through all this darkness, however, a certain light gleams 
j out, which, if it fiiih to clear up every mystery, at least enables 
I'Ub to avoid many errors and mistakes. The teachings of experi- 
pnce inform us that the wear of stationary boiler plates ia almost 
Bumifbrmly the result of leakage, over-liring, or, wiiat is nearly 
wHae same thing, shortness of water. As these boilers are usually 
ne^ water in small quantity insinuates itself between the plates 
f Bnd the seating walls. Oxidation quickly ensues, with all its 
HiJeBtniotive results. Boilers so set caunot receive too carefully or 
pslleiily repeated, examination. The deposit of water between the 
IplBtea and the brickwork is not, invariably, a result of leakage. 
|"Evety time that steam is raised from cold water, a copious de- 
ll fo&t of moisture, produced either by tho direct fntmatlo^ o^ 
Hiw&tHD damp tae), or by the combaatioiL o£ oaoa^uig^^Kt- 
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gen, settles on the cold plates, running down them in drops, ai 
insUmating itmlf by capillaiy attraction into the minutest crocks 
and crannies, from which it is afterwards espelled with difficulty. 
This aqueous fluid is invariabl; charged, mure or less, with, aonui 
ir other of the acids arising from the burning fuel, and it 
powers of attack on the plates with which it conies in contut 
proportionally energetic. We invariably find that thow 
boilers which are most steadily ■worked, and are least seldom alloweJ 
to cool down, last longest in proportion to the whole qnantity ta 
work which they perform. Other agencies, no donbt, aid i 
producing this result — such as the suppression of the strains dm 
to alternate contraction and exptmsiou, which always have a 
powerful tendency to cause leakage ; but these simply eo-op«ftto 
with the action which we have just referred to. It is very di 
sirable that the system of using bottom seating walls should b 
completely abandoned in &Tour of some othor less objectionabls 
method of supporting boilers in brickwork. 

" The duration of a boiler depends more oa the quality of tk 
water used within it than on perhaps anything else. la tt 
peculiar effects produced by different waters lies nearly all Via 
fear and tear of boiler plates. Water pa 
fectly harmless in one boiler, is powerfully destructive, noir » 
then, in another placed beside it. One plate will be a 
pitted, farrowed, or eaten away m great patches, while the H 
will be found, after years of use, to retain the liammer mukcl 
tlie boUer maker, as fresh as when they came from his 1 
AJl attempts at accounting for this action have been all but fi 
hitherto. Possibly, it may dejiend on the presence t 
of some peculiar ingredient in the plates. Absolutely pun iM 
is unknown outside the chemist's laboratory ; and the a 
of plates displays a total absence of accurate uniformity in A 
results obtained from different samples. Some ii 
very readily, and others crystallize or exfoliate under the a 
L of heat. We know these things certainly ; and all the re^ ii 
Ito a great degree, mere guesswork. Eecent experience clearly df 
■Jnonstrates that the purest and softest water is usually far n 
lliyurious to iron plates than the hardest water ever met 11 
pt.ia tr ue that, without estraordinory eare, deposit from thisli 
' ' \ and impervious that the furnace plates bMtf 
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overheated and are Lurned out in coEsaqueDce j but this can 
only be I'egarded as an induced effect ; directly, the water does 
not come ia contact ^th the plates at all, and cannot therefore 
do them any injury. Perhaps the purest water used for raising 
steant, ia that flowing from a surface condeneer ; yet the corrosion 
irhich frequently follows on its use ia so rapid and destructive, 
that surface condensatioa still makes but slow progress to general 
adoption es a consequence. All things considered, the wisest 
policy appeara to lie in keeping the water o\it of contact witli 
the plates, hy tie interposition of some insoluble medium. 
Nothing answers better than a moderate amount of deposit 
Careful blowing ont from time to time, and, when the water is 
very hard, the use of some solvent, will easily keep this within 
reasonable limits, so that very little heat indeed need be wasted. 
TomisbeB of various kinds have heen proposed and used from 
time to time to fulfil the same purpose ; but the success they 
have met with is doubtful The causes which lead to the injury 
irf a plate when in contact with water, cease to demand much 
inveatigation at the hands of the engineer, when we can avoid 
the injury simply by preventing the contact. 

" Steam frequently produces corrosion to a remarkable extent. 
The plates far above the water level, in marine boilers, are often 
eaten away after a fashion almost impossible to aceotmt for. One 
fide will he found untouched, the other reduced in places to the 
thickness of a sheet of paper, in the course of a few months. 
Those boilers most constantly under steam are least subjec 
to this peculiar action, It is not easy to find a remedy. Con 
itaot painting with strong red-lead paint ia useful Were i 
pDseible tg enamel the interior of that portinn of the boiler de 
voted to steam, we would hear no more of this kind of corrosion ; 
and this will probably be accomplialied some day soon. Mean- 
Thile, hundreds of plates are destroyed annually, and no perfec 
panacea has yet been found. 

"The destruction of furnace plates is uannljy caused hy mis- 
management, or defective design. Scant water-spaces as surely 
lead to over-heating, as shortness of water, A great deal has 
been written to show that, within moderate limits, the trans- 
misaion of heat is not afTected hy the thickness of thei platAa. 
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bum out quicker thau light ones ; and besides the difficulty oi 
getting good plates half-an-inch or bo thick, which will not ex- 
foliate, many diaadvantagea incidental to the process of construct- 
ing a holier are encountered in the attempt to use them. 
American locoinotivea, it has been found that copper fire-hoj 
platea 7-16ths of an inch thick, rapidly bum away to l-4th oj 
1 inch, where the process seems to be arrested ; the fire-boxen 
lasting a long time aubsequently. Very intense combustiDii, u ' 
the direct impact of highly-heated flame, are of all things to li 
avoided ; and therefore, a lai^e grate is usually found oondudve b 
the duration of furnace plates, by permitting the necessary quanti^ 
of coal to be burned per hour, without an excessive draught. 

" Locomotive boilers are exposed to a source of wear and te 
from which other generators are exempt ; the strains prodnotj 
by the attached machinery, acd the shocks and vibrations « 
ing from inequalities in the road, inducing crystallization ii 
platea, and in all probability leading indirectly to that pecnKai 
furrowing to which this class of boiler is so notoriously euhject 
It is by no means easy to give a reason for the existence of I 
farrow l-4th of an inch wide, grooved half through a 7-iG&t 
plate for a distance of eight or ten inches, almost as accurate^ 
as though it had been done with a special tooL So hypotb6S 
yet advanced affords any solution of the problem ; not is it lik^ 
that our curiosity will soon he satisfied. Possibly, these fl 
may occur at a "node" in the circuraferenee of the boiler. "WbeS 
a bell is struck, certain portions of its periphery remain at ra^ 
the remaining portions vibrating. Much the same phenomeW 
may occur in a boiler vibrating under the shocks and jara ind* 
dental to high speed, and a certain internal change may pOBsifil 
take place in the iroiL What this change is, no one can 
and so the matter rests for the present. A more tangible « 
of injury is found in the faulty system of constraction, n 
attaches the waist of the boiler to the frame, by a deep 'mi 
plate' eariying the ends of the guide bars in inside oylinder'Sl 
~?he expansion and contraction due to changes of tn 

I peratura keep the bottom plates attached to this cross-girdef 
o we may term it — und-er a perpetual strain, which etu 

I oif rivet-heads, and leads in time to the total destruction of H 
M K confined. Bottom plates require frequent reoflwri'^ 
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tills cause ; and tbas a moLiou plate atttuihed to a. boiler is always 
urideuce of careless or ignorant design. 

"With care, moderate firing, and good water, the duration of 
sny boiler may generally be calculated oa pretty closely ; but any 
vuiation on the system of managament pnraned from tbe iiret, 
fflid found to answer, generally produces bad results. Many a 
ioiler is destroyed by an alteration, in tbe i'uruace, or the mode 
iif firing, or a change in tbe quality of coal or water. With all 
poesible care, it ia impossible to provide for those mysterious 
i^Dcies with whose existence we are acquainted, but of the ex- 
act operation of which we know little or nothing. Constant 
inspection at short intervals, can alone obviate fatal catastrophes ; 
and we would again and again impress on oui readers that all 
eiperience goes to show that durability, safety, and exemption 
ftmn explosion, are ensured by well- organized inspection, more 
effectually than by any other means ever devised by man." 

17. In connection with the economical working of boilers, the 
jKnd of coal employed in firing exercises a most important in- 
fluence, hence the value of those experiments which have been 
tbm time to time inaugurated, in order to ascertain the relative 
beating value of difterent varieties of fuel The efl'eot, how- 
vttc, of osing a muctuie of difTeient kinds has not received 
tbe attention it deserves; we, therefore, here give an article &om 
tbe Enginier entitled " On the Eeonotiiie value of mimng different 
kinds of Coal. 

" It may be taken as pretty certain that tbe next great naval 
wit will bring, for one indirect result, a great accession to our 
ueans of economising fuel in steam boilers. In spite of Sir W. 
AimstiODg's warnings, we do not much care, in these piping 
i, about the amount of fuel we waste in our steam 
fiitnaces. But the case will be far different with our war steamers 
when engaged in actual operations, and they might just as well 
W without powder in their magazines as without coal in their 
bunkers, Every means mil then be tried to diminish the con- 
mmptiou of fuel, and wo shall then see in use a number of expe- 
■Uents of all kinds, beginning at the furnace and ending with 
the uondensed water that has passed in tbe form of steam through 
ll» sngine. The moat natural and obvious beginning ia to alij- 
B eooBomise b^ iniproving the fuel It is often fot^fAWa. 
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Q speaking of coal what an almost inamnerable variety of fossil 
fael is burnt under the generic name of coal. The principal in- 
gredients of different coala — fixed carbon appearing in the fonn 
of cake, when the volatile hydrocarbons, such as olefiant gas, ta^ 
naphtha, &c., are driven of^ and leaving different ingredients be- 
hind in the form of ash, when both the free carbon and the hy- 
drocarbon have been consumed — vary to a great extent, ThB' 
relative amount of fixed carbon in different cools vi " 
to about 90 per cent; the diiferent hydrocarbocs from 6 to 5B;^ 
and the proportion of water from p very small amount to 27 pet 
cent. ; while the proportion of ash is, in some specimens, onlj 
about 2 per cent. ; and in others as much aa 26 per cent ~ 
Tnembering what an essentiallj compUcated phenomenon combii>> 
tioE is, we should not be fer wrong in expecting that each d"~ 
ent gradation in the kind of coal woald require a different kind 
of apparatus for evolving its maximum thermal effect. I)iffaeot 
treatment of one and the same coal must produce different vataei 
of useful beat It is one and the same thing to say that a gnsu 
form of furnace — the term being used in its widest sen 
quires one certain kind of coal, stoked in a certain way. 
endlessly varying kinds of coal, in the multitudinous f<^m8 a 
existing coal-burning apparatus, and in the varying methods ol 
burning coal — dependeait on the skill and will of the stoker — •io 
we see the reasons for the many anomalous statements and k ' ' 
ing beliefs as to the quahties of different kinds of coal, a 
v^ues of different forms of furnaces, and of different methods ol 
A goodly proportion of the thousand and one pstenti 
that have been taken out for ^conomisiog fuel are i 
expedients, often good enough in their way under certain off 
ditiona, and more especially -when in action under the fond J 
rental eye of the inventor. But cast forth into the world, S 
tested under different circumstances, the results are ~ 

" The most practical question in the very wide inquiry as I 
economy of fuel is: — Given a certain form of furnace, what ia fl 
most suitable fuell Or could not the best fuel, for a given puipon 
be obtained from a combination of different coals 1 Sow so 
nation of diii'erent kinds of coal has long been used with good ti 
I foot for domestic purposes, Mr, Wickateed's experimenta, n 
f years ago, gave 8'045 lb. of water evaporated pen Uw-J 
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aTerage Wekli coal; S'524 lb. for the best smaU Newcastle coal, 
and 7'865 lb. lor Welsh and Newcastle mixed half and half. 
It seema a wonder that more attention has not been given to these 
experiments of Mr. "Wicksteed. Tbere has been a. long and 
very warm contestation between the rival North-country and 
South Wales Coal Associations, as to the relative values, for 
ateaming purpoaee, of North- country and Welsh coaL No small 
stake is involved in the contest, as the fat government contracts 
for provisioning the British uavj are the great prize. Some years 
ago, the government caused an investigation of the matter to bo 
made by De la Beche and Playfair, and the result was a lengthy 
Blue Book, the oooolnsions contained in which, however, have 
been much disputed. There can be no doubt that Welsh coal 
does possess higher evaporative power than Newcastle coal, but 
irom. the results of aomo experiments instituted by the Admiralty, 
and recently published in a Blue Book on the motion, mode dur- 
ing last session, by Mr. Lindsay, M.P., it appears that very great 
practical advantages are obtatood by using a combinatimi of Welsh 
and Newcastle coals for marine purposes. 

" The practical problem eot by the Admiralty consisted in as- 
certaining whetlier North-country coal, in oombinotion with 
Welsh coal, might not be used with advantage in firing marine 
boilera. Hie three proportaons tried were: — One-third North- 
ooontry to two-thirds Welsh; one-half North-country to one-haJf 
Welsh ; and two- thirds North-couiitry to one-third Welsh. The 
engineer in charge of II.MS. Supply, Woolwich, reports that he 
ibund the best proportion to be one-third North-country to twn- 
' thirds Welsh, as the North-country coa! kept the Welsh more 
open, the fire required less pricking, while the total consumption 
was the same as when Welsh coal alone was used A similar re 
suit was obtained on H.M,S. Wye, at Ascension, Two-thirds 
Welsh to one-third North-country were found to bui'n ieas than 
either of the other proportions for the same amount of work — 
' produdng considerably less smoke, ashes, and soot, with an in- 
crease in the per-centage of clinker.' Similar experiments on 
H.M.S. Fearless, Sheemess, produced the same result, and the 
trials appear to have been conducted with much greater facilities 
for accuracy than on the two previous ships, The two different 
coals were also tested separately, ' in order to asceitam Unsn te- 
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apoctive merits,' and the Welah coal (Eussell"a Block Vein) 
quired 5"4 lb. per iudicated liotae-powtr per liour, Notth-coi 
(Buddie's "West Hartley) required 7'6 lb. per indicated 
jjower per hour. Combined together, in equal proportiona, 6" 
lb, were consumed, but only BS lb. per indicated horse- 
were burnt when two-thirds of "Welsh and one-third of "We 
Hartley were employed. On the other hand, similar trials 
ducted at Portamouth, on H.M.S. Lucifer, would appear to pi 
better results with Aberdare Welsh coal alone (Trial, Mo. 4) ' 
vdth thin Pemdale "Welsh alone, or half Ferudale Welah 
half Londonderry Hartley, oc with one-third Fetudale and t\ 
tldrds Hartley. 

" The most complete trials, however, were made at the 
factory, Keyham, Devonport, "by the chief engineer there. In 
lirst place, five esperiments were made on boapi the Conf 
ateam-tug, 3 tons of coal being burnt in each experiment, 
exact rate of evaporation could not be ascertained, aa the 
was not provided with an apparatus for measuring the wate^ 
the tahle shows that the mean pressure on the piston, the 
number of revolutions of the engmes per minute, tli 
liorse-power, and the speed of ship, are pretty equal, so that 
duration of the experiments and the total number of 
tiona can be taken as the measure of the relative value of the 
fuels. "Welsh Eesolven thus gave a duration of 5 hours S lain., 
and Hartley Main of 4 hours. "When combined in equal pro- 
portions, the two coals together lasted i hours 48 min. Fifteoit 
experiments were neit made in the coal-testing hoiler of Keybaiu 
Factory. This hoiler is an ordinary marine boiler, but fittt'd witii 
an apparatus for measuring the water fed in, and evaporating ili 
i-ectly into the air. Foui' difierent hinds of Welsh coal evaporati*!!, 
on an average, 9'34 lb. of water per lib. of coal; Hartley Main evr 
porated 8'26 ib. ; equal proportions of "Welah and North-countrj' 
coal evaporated 8'79 lb., while the highest result throngli 

obtained from two-thirds of Webh to one of Si 
country, as the mixture evaporated 9'OT lb. of water per 1 lb.' 
, coaL But while these experiments were going on, tht 

n of the South "Wales Coalowners objected to tbo descripl 

i coal being tried, and obtained leave from the Admiraltj 

d-B, cai£o composed of a comhination, in equal quantitie^. 
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Powell's Duffryn, Nixun's Navigation, and Davis's upper 4ft, 
Merthyr. The North-country Coal Association, seeing tliis, also 
a*ked anil obtained permission to send a diosen cargo — David- 
son's Hartley. Thp Government contractor for North-country 
I eoftl also sent some Harding's Hartky ; and the Welsh coals, to- 
gether with those North-country coals, were next suhmitted to a 
; fiirther series of twenty-eight experiments. Single snmpJes were 
I taken for each description and combination, and wore burnt in 
' the coal-testing boiler in aTcraga quantities of about 12 cwt. 
Some of the experiments were made with the furnaces fitted with 
common doors, and others with furnaces fitted with perfijtated 
j doDis. In the first case the experiments were made with ^in. 
I spaces between the bars, and in the second with |in., Jin,, and 
,1 JiiLSpaceSjtberepreBentativesoftheH'oriih-country Association also 
I requested that trials should be made on a smaller area of grate — 

!13« original area being 14 ft., which was then reduced to 10^ ft. 
" Tile first fifteen experiments, made on the steam-tug Con- 
fiaiLce, showed that equal quantities combined of Welsh and 
Jforth-country coals could be burnt with perforated doore almost 
without smoke, and with an evaporative power nearly equal to 
thftt of ordinary Welsh coal The experiments in the Keyham 
Boal-teating boiler with the very superior Welsh coals furnished 
' by the two Associiitions and by the store-keeper General, gave as 
I the average evaporative power of Welsh coal, 9*90 lb, of water 
■ per 1 lb. of coal, and 166'34 lb. pei hour per foot of fire-ginte; 
' Ibr North-country coal, 8'41 lb. of water per 1 lb. of coal, and 
153*S7 lb. per hour per foot of fire-grate ; and tor the combiiia- 
' lion of the two descriptions in equal proportions, 9 '42 lb. of 
'^raterperl lb. of coal, and 163"16 lb. per hour per foot of fire- 
/.patft. These results were produced with common doors, and 
I'wien perforated doors were used tlie evaporative powers of the 
ItWelsh coals were slightly diminished, while those of tlie North- 
'[toBntry coals alone, and those of the combination of both in 
equal proportions, were slightly increased. After the famaces 
jVere shortened the evaporative powers of the Welsh coals rose 
l.to lOJ lb. of water per 1 lb. of coal, and 229'60 lb. per hour 
pet foyt of fire-grate. The experiments with the short fire-grate 
.also sliow that it is possible to bum Welsh coa! dust (which is now 
jleu thrown airay) when it is mixed with Nortli-CQvmtrj coaX. 
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" Duing away with, smoke as much, as possible on board a wst. 
Btoaraer, ia not merely economically, but ia also stiategicallj, i 
portant, as the smokQ &om tlie funnel wonld serve as a mark t 
the 6116111/3 guna, or as an index to the enemy's eignaJiaa) 
The amount of the smoke formed was determined at Keyha 
Factory by setting down a certain number of marks for a 
degrees of density and colours. Thus, very light smoke had oi 
mark, hght amoke two marks, light brown, brown, black, \i 
black smoke, three, four, five, and six marks respectively; ■ 
tlieae marks were recorded for every minute the smoke was « 
aft«r stoking when the smoke lasted more than one i 
Briefly stated, the whole experiments show that the eoonomit 
for Welsh coal obtained from store was 934 lb,, with an a ^^ 
equivalent of smoke of 90 ; for best coal received from Soul 
Wales Association, 9'90 lb., with an average smoke equivalflOts 
30 ; for the same coal, when burnt on the short fnrnaca, 10'13 B 
with average smoke equivalent of 1 2 ; while the evaporative vail 
of the North-country coal obtained from store was 8'26 lb., nil 
an aven^ amoke equivalent of not less than 278; and with ti 
coal received from the Nortb-conntry Association, it was 8^ 
lb., with a emoke equivalent of 232. 2. The economic valsfij 
the coal received icom. the South Wales Coal AasociatiiJa 11 
9'73 lb., with an average smoke equivalent of 1^; and «j 
the same coal burnt in the short furnaces, 1044 lb., with I 
average equivalent for smoke of 13; while it was for the Nist 
country coal from the Korth-country Coal Association, 8'61 I 
with the average eqidvalent for smoke of 3i; ami for the Sfl 
coal when burnt in the short furnaces, 10'33 lb., with tha Mi 
age equivalent for smoke of 25. 3. When common, doois 'Wi 
used, the combinations in equal quantities of Welsh and NoS 
country coal froni store evaporated 8'79 lb., with an aval 
equivalent for smoke of 47 ; for the half-and-li!ilf combinatwo 
till! coals received from the two Associations it was 9"42 lb., li 
ttie equivalent of smoke of 23 ; and for the half-and-half combi] 
tion of the Welsh small and the ordinary North-country 
burnt in the short furnaces it was 9-91 lb. and 9'54 Ih. . 
When perforated doors were nsed, the combination of tha "Wd 
and North-country coals in equal priiportioUS gave 9 '45 lb;, 1 
aasraragQ smoke eq^uivalent of li^. 
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" "Die important deductions from these experiments are, that a 

mixtute of Welsh and North-country coal burns in the furnaces 

of & marine boiler with an economy almost equal to Welsh alone, 

while the combination also gets up steam at a quicker rate, and 

with a lower average of smoke. Tlie combination rcndurs prac- 

j ticable a consumption of small Welsh coal, while less smoke is 

I produced, and the steam boiler is rendered more powerful through 

I its increased powers of evaporation. Mr. Miller remarka that 

'there would be no difficulty in coaling a ship with the two de- 

■mptions of coal, as the Imukers on the one side of her might be 

mied with North-country coal, and those on the other with 

Welah coal.' Half the number of coal sacks in the store coal 

Inilks might contain one kind of coal, and the otker half the 

Oiher kind. There can be little doubt that the example of the 

i BKVtl administration might be followed with advantage in many 

■ parts of the country, and that a superior fuel could ofteuer be 

obtained by a judicious mixture of inferior qualities." 

I 18. d. T}ie Explosion of Btrilere (see end of par. 1). — Al- 

Iboa^ there ia no doubt tliat in the practical working of a boiler 

:1hB caoses which are hkely to bring about, or, as we may wit?. 

|ij»fety say, do, in truth, bring about the explosion of boilers, arise, 

ttA &om a ^gle source as a mechanicd one, but from possibly 

■ lather wide variety of sources, partly mechanical, partly chemi- 

jpr], and therefore, by consequence, it is difficuH in some cases to 

. decide from which of these sources, or if not from all of them in 

tubination, any boiler explosion takes place, and tlmt, reosoitaljly 

sngK, causes which are in every sense obscure maybe presumed io 

t, still it is, as the writer of the following article in the "Saien- 

iE American" clearly puts it, rather unsafe, or at least unwise, to 

« practical men the impression that the causes of explosion arp so 

' 'mysterious' as some express it; aad that it is, on the 

riseto consider the probability that causes, eotning vriOdn 

It naah of their praetieal abililj/ to prevent, are also likely to ope- 

remarks, to which we direct special attention, are at the 

4 of the article we now quote, which is entitled, " Will sadden 

Uef/rom Pressure eavsa Boiler Explomona ?" "Many instance!*," 

g the author, " are on record where hoUcra have been suddenly 

hpvaohed by the bow-spiits of vessels, and thus relieved of gtect 

intitles of steam and water in a very short space o£ time. 1W 
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Mound City, a gunboat on tlie Mississippi, liad a shot throu{ 
lier boilers, which caused la:^ volumes of steam to escape, a 
ing numbers of the crew, y-et no explosion followed; the fl 
was not ' ilttshed into steim," neither did. it, aa tbeorizers say 
should have done, become converted into a huge projectileL, ai 
dash away the suiToumling walls of the boiler like so much p^ 
Every day a most miscliievous practice may be observed in eo 
raercial cities; the safety-valves of steamers arriving ttom B 
or from inland waters, are suddenly lifted, and the mighty fo) 
pent up in tbe boiler shoots out into the air with a deafening lO 
Is not this a sudden relief of pressure! It is so aadden that H 
index hand of the steam-gatige goes back almost as fa 
\>GB.ts, and ten minutes arc enough to blow the steam from Ha 
largest boiler. The practice is, as we remarked, a mischievous tma, 
not upon the theory that sudden release of pressure is attendi 
with danger, but because the boiler is unduly strained. The wbii 
force within ia directed upon one patt, and that suddenly, and 
is wonderful that so few accidents occur from this practice. 

" The occasions have been neither few nor far between, dmiag 
the war and previous to it, "where the boilers on gunboats haw 
been pierced with heavy shot. The Sassacug, one of the n 
double -en ders, having a large Martin boiler of the same kind U 
the one which exploded on the CJienango, was recently s 
with a 100 pound rifled shot, ivhich passed entirely through ll 
boiler. The sudden escape of steam scalded many of the a ' 
hut beyond the perforation there was no casualty to the b 
itself. From this, and the other cases we cited, it may be H 
that the particular theory queried in the caption of this b ' 
must be at iault. Why is it not better, in striving to a 
for boiler explosions, to look first at purely mechanical c 
When the piaton-rod of a steam engine breaks, men. say ttl^ 
too weak, or &om such and such a specific cause (as water g(^' 
' a the cylinder, or a follower bolt coming out and getting jan 
Detween the head and piston), a violent strain was put uutt 
which it was not capable of withstanding. So i 
laniining the chemistry of lieat, or the oil which lubiiea 
if the packing which surrounded it, to account for the rapto 
who should propose such a course would be ll 
a- idiot by his piofeesioual brethren. Becanae tibe d 
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engagement of steam from water is both mechanical and chemii:a], 
when a boiler bursts aome men seem to have passion for diving 
into the most profound and absurd theories, and descttnt about 
matters they know nothing of, when a defective brace or a rotten 
lAeet was most probably the source of all the trouble. 

" Tliere is great mlsfMef in attributing boiler explodam to 
^ t^xeure causes, for by so doing we make practical engineers, who 
■•re not versed in the " mysteries " of their art, behave that all 
fheii' care is of no avail, and that precaution or no precaution, 
an explosion is sure to occur, provided a certain chain of cir- 
cumstances is produced in the boiler. Let us look first, and 
earnestly, at the mechanical construction of steam boilers, and 
if it is settled that no improvement can be made in this respect, 
hira our attention lo theories and the tedious discussion of them," 

19. In this paragraph we put together a few short papers 
bearing upon causes, or assumed causes, of explosion, which will 
lie read with interest : — 

a. The theory of Boiler ExplosioJts from the Decomposition of 

(Walsr. — "Among those who are wedded to the opinion that the 
Oqilosions of steam boilers are genecally produced by aome mys- 
tenone force, a very favourite theory is that of the decomposition 
«t water. It is well known tliat when steam is brought in con- 
tact with red'hot iron, it is decomposed, the oxygen entering the 
" " Q to form oxide of iron, and the hydrogen being set free as a 
|,JIia. It is also well known that when hydrogen and oxygen gaaes 
B mixed together in the proportion of 8 lbs, of oxygen to one 
if hydrogen, and set on fire, an explosion results. It has been 
aed by some very intelligent ivritera that these operations take 
!am boilers, and are the most c 



: is no doubt that if a portion of a steam boiler becomes 
wd-hot, and steam is then brought in contact with it, the steam 
KViQ be decomposed; the oxygen of the steam combining with 
I'tbs iron, and the hydrogen being set free. But the quantity of 
riraler thus decomposed in a steam boUer must be very limited. 
I The oxide of iron which is formed in this case is the magnetic 
midei, in which 3 atoms of iron combine with 4 of oxygen, 
I Jfij O4. As the atom of iron weighs 28, and the atom of oxj- 
^BU^ t^B pioportioQs are 84 Iba. ofinm to 32 o£ QX';jg%ix, tn 
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21 of iron to S of oxygen. As 8 its. of oxygen combine 
1 of hydrogen to form water, it followa that 21 lbs. of iron 
be oxidized to produce 1 lb. of Lyiirogen gaa. Thia whole 2! 
iba. must be upon the surface, for as soon as a thin scale o 
oxide ia formed, it becomes a protecting coating to the 
beneath, and prevents further action 

" If the 1 lb. of hydrogen is mixed with 8 lbs, of oxjgeq 
and set on fire, the two elements will immediately combine 
form 9 Iba. of water, and the amount of heat generated by li 
combustion will be sufficient to raise the temperature of I ] 
of water 42,480", or to raise the temperature of the 9 lbs. 4,721 
Consequently, the water would be in the condition of very high 
superheated steam. Though it is uncertain whether, at this h^ 
temperate, steam expands in the same ratio that it does at tin 
lower temperatures and pressares, which are more easily mt 
there can be little doubt that the pressure would be sufficdeiit 
burst any ordinary boiler, provided the whole steam space of ti 
boiler could be iilled with the two gases in the proper proportio 
and the gases could then be set on fire. But in practice H 
cfluld never occur, nor, indeed, could any mixture and bumin! 
take place sufficient to produce an explosion. 

" In the lirst place, all of the oxygen taken from the 
would be combined with the iron, where it would remaii 
manently hxed. It is true that oxygen is absorbed by water in 
small quantities from the atmosphere, and is forced into tba 
boiler with the water. The lirst action of the heat upon tliB 
water is to expel this oxygen, together with the nitrogen, cn^ 
bonic acid, and other gases which the water holds in. solulton. 
and if the oxygen remained iu the steam space it miglit bo mixed 
with any liydrogen set free by the decomposition of the watw 
But the oxygen does not remain in the steam space; it is con- 
stantly being drawn ofl' with the steam, and worked through tba 
cylinder. The hydrogen, too, as it is set free, being the hghl 
of all gases, must rise instantly to the highest portion of 
boiler, and pass at once into the cylinder. 

"Even should the engine be at rest, the two gases would 
■ao mingled with the steam a.nd with carbonic acid i 

the water, that they would not burn if fire was applied 
.^is objection ie fatal to the theory. In conaeqi 
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of the large proportion of steam in the iDixtnre, no explosive 
mponnd of gases can ever he found in the interior of a Bteam 
~ —Seientiflc American. 
|6. Tlie iheoi-y of Boiler Explosiims from Superheated Steam. — 
inqnefit into the cau,sB of the Chenango disaster, one of 
B witnesses stated that the generally-received theory of boiler 
plosions is that they result from a mixture of euperheated with 
rated Bteam — that the steam, by becoming saperheated, forms 
'r of heat, which evaporates the minute particles of water 
d along by the saturated steam, and thus produces an kh- 
>ding pressore. 

" It is probable that a dozen otiier theories might with as much 
'i be Hiid to ho generally received. At all events, several 
s have been advanced which cannot be bo easily and clearly 
a to be unsound. 
" It ia fu-Oy proved that the pressure in the boilers of the Che- 
tga, just before the explosion, was 33 to 34 lbs. to the square 
Now, if we suppose a portion of that steam to have been 
erheated to a temperature equal to red heat, how much lieat 
"i that steam have contained, and what would timt heat do 
b evaporating water and prodaeing pressure! 
* According to the determinations of Fairhaim and Tate, satu- 
d steam formed under a pressure of 33'1 lbs, per square inch 
1 volume 768 times greater than the water from which 
*aB formed. Consequently, a pound of such steam occupies 
I round numbers 12 cubic feet. Its temperature is 255°, and 
superheat it to 968°, its volume will bo doubled ; supposing 
I to expand in the same proportion as air, though Fairhairn 
md the co-efUcient of the expansion of steam to be a trifle 
IT than that of air. We now have a pound of steam oecu- 
!ng a apace in the boiler of 24 cubic feet, and if we introduce 
ind of water at a temperature of 255° into this space, what 
1 be the effeetl Plainly, the temperature of the steam and 
<r will be equalized ; and if there is just enough surplus heat^ 
" 1 the steam to evaporate the water, we shall have 
J apace filled with saturated steam at the old pressure of 33-1 
k per inch. 

" Bat tliere is not enough surplus heat in the steam to evapo- 
Tli£ specjflc heat of steam is '47 5, couiKi^'v&'&'Ct.'ij 
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it would take only 339 units to raise tlie t<?mperatui'e ot 1 li 
713" — from 255o to 968". The latent heat of steam at a te 
perature of 255° is 930° in other worJs, 930 units of heat) 
required to evaporate 1 Ih. of water at a temperature of 255', 

"Tiie 'great reservoir' of heat in superheated steam, eo : 
from being Buffioient to evaporate enough water to produce 
explosive preaaare, is not sufficient to evaporate enough wat«r 
fill its own volume with saturated steam. Tlie introduetitfii 
water into superheated steam under the conditions which ohtaiD 
in the Chenango boilers would not have increased thi 
in the least.'' — Ifnd. 

The same journal has further remarks on this subject 
the head 

c The SuJ>e/^heated Theory tested by Expenment. — 
theory that boiler explosions are caused by the introducttflB 
of water into superheated steam has formerly been discussed, and 
we showed that the surplus heat in the steam would not be suffi- 
cient to evaporate enough water to fill its own volume with aata- 
lated steam, and thus to keep up the pressure — much less to in- 
crease it so greatly as to produce an explosion. 

" "We aru informed by Mr. Albert Huasey, the enyinecr at 
Hecker's mills, in this city, that two years ago he tried the ex- 
periment of injecting water into highly superheated steam, aaii 
that the effect was to reduce the pressure, 

" Meeting in some work the theory of boiler explosions discussed 
in our article (see par. b, above given) he saw that if it was sound 
he could arrange to inject watn into superheated steam, and thus 
obtain a high pressure with a small consumption of fuel He 
■was running an engine that was supplied by three boilers, and 
he prepared for his experiment a small boiler, 1 foot in diameter 
and 2 feet long, having it well jacketed with felt. He then led 
a small pipe from the steam space of one of his large boilers, and 
passed it several times hack and forth through his furnace, so 
that it was bathed in the flame, and then conducted it to hi) 
small boiler. The pipe became red hot, and tlie steiim paisseil 
e than 60 feet of this red-hot pipe before it entered 

i small boiler. Mr. Hussey connected a pressure gauge with 

U boiler, and fonaed a pressure of 60 pounds to the inck 

,me as the large boiler. He also 
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measure the temperature, but tlae mercuiy ia his thermometer 
■was evaporated the matant he brought it in contact with the hot 
steam. 

" He now, by means of a small force pump, injected a minute 
quantity of cold water, through a pipe arranged for the purpose, 
into the small bniler, and the gau^e immeiliately fell about five 
pounds. He then arranged his connection with the pump so as 
to inject hot water from the large boiler into his experimental 
boiler, and the result was the same — the gauge went down five 
])0Qni3s. 

" AH sound theory must be founded on facta, and must, of 
coQiae, agree with all other facts. Before we published our cal- 
culation of the effect which would be produced by injecting hot 
water into superheated steam, we were satisfied of its correctness, 
but it is gratifying to find it confirmed by an experiment so direct 
and conclusive as that of Mr. Hussey's. The theory of boiler 
explosioiis from the mixing of water with superheated steam may 
be regarded as settled." 

d. The Gorr<mon of Boilers. — "Nearly all of the large niim- 
ber of boiler explosions, the causes of which are annually inves- 
tigated by the engineers of the Manchester and Midland Boiler 
AflBociations, are clearly found to have occurred in consequence 
Cif either internal or external corrosion. In the case of locomo- 
tive boilers — and they are now exploding aufflciently often to 
eanse considerable anxiety — ' furrowing,' along a seam of rivets, 
tit rather under the line of an overlap, is found to be the usual 
malady. In many boilers, especially on those lines where the 
hydranlic test is regularly applied, 'furrows' are discovered in 
time to prevent explosion. In other instances the plates become 
'pitted ' on their inner surfaces as with small pox. We hiive a 
photograph, kindly sent us by Mr. Longridge, of a small portion 
t£ the inner surface of one of the plates of a boiler which ex- 
ploded, with great loss of life, some time ago, at Aberaman, South 
"Wales. To compare the pits tjierein shown with the lunar seas 
disclosed in Mr. De la Kue's photograplis of £he moon would not 
do justice to the former. The iron is eaten away almost every- 
vLeTe, not uniformly over the whole surface, but in numberless 
boles. Wlierevcr very pure water is used, or peat water, or water 
oontaining auljdtur, there is the same coirosion alwOija gi^tu^ Q^ 
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while, as for furrowing, there appears to he no effective precautio 
against it. 

" So far as furrowing and other forms of corrosiuu are concerna 
there can be no doubt that wrought-iron is the worst n 
that cau be emplojed for a boiler. Whether steel better p 
corrosion uuder the same circumstances has not been conclusire 
ascertained, hut in other Kspecta the attempts to employ sted ■ 
a material for boilers cannot be said to have satisfied the I 
with which it was originally iutroduced for this pnrposa CoJ 
per is now wholly out of the question, nor were it abundant ai 
cheap would its strength ha reckoned sufficieut. So materia 
appHcahlu to boilers is less liable to corrosion than c 
"Wherever great heat has to be borne, its resisting powers n 
it secoud only to platinum among the metals. For heating sb 
for blast furnacea, and, indeed, for domestic stoves, wrought-ita 
is entirely unfit For gas retorts it is, of course, worthies^ n 
east-iron, until the introduction of the most refractory rHayit 
torts, was considered to serve a very good purpose. ~ 
heatera it is quite superior to wrought-iron in any form. The 
Peninsular and Oriental Company have, indeed, long since aban- j 
doned wrought-iron for copper superheaters, but equally good, S£ I 
not better, results are obtained by Messrs. Richardson & Son) I 
from Mr. Jeffrey's cast-iron auperheatere. The motive for ths I 
use of cast-iron in heating stoves, gas retorts, and superheateis, is J 
economy ; but in the case of steam boilers, where the ptincipalJ 
source of danger has been found to be in corrosion, the use cal 
cast-iron (with a large mai^n of strength to resist bursting) i^H 
pears to be essential to safety. The highest required teiul^| 
strength is now given to cast-iron boilers — their bursting pressnifl 
Iwing from 1,500 Iha to 2,000 lbs. per square inch, while i/M 
appeal^ reasonable to consider them as entirely secure from the I 
common danger of corrosion." — Engineer. J 

20. Tlie various points connected with what may be lulltiM 
ihe cliemistry of boiling water possess doubtless much intcn^| 
to the practical man desirous of viewing the subject from rIH 
i |K»mhle points ; to such, the following paper " On Bailing Waie^lU 
IbyW, R. Grove, Esq., Q.C., F.RS., M.RL, read before oM 
WLSffjal Institution, will he valuable and suggestive. fl 

L^k4^P^ ^y ^ Donny ('M^moirea de rAcatl&niet £o;tl«4fl 
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BriucelleB,' 1843) makes knowa tlie fact that in proportion as 
water is deprived of air, the character of its ebullition changes, 
l>ecomiiig more and more abrupt, and boiling like eulphnric acid 
witli souhrenauts, aad that between each burst of vapour the 
water reaches a temperature ahove its boiling point. To effect 
this it ij neceissar^ tbat the water be boiled in a tube with a 
nuTow orifice, through which the vapour issues ; if it lie boiled 
in an open vessel it continually rii-absorhs air, and boila in the 
ordinarj- way. 

" In my experiments on the ile composition of water by heat, 
I found that with the oxy-hydrogen gas given off from ignited 
platinum plunged into water, there was always a greater or less 
quantity of nitrogen mixed. Tbia I could uever entirely get rid 
of, and I was thus led into a more careful ezaminatiun of the 
n of boiling water, and set before myself this problpui, 
plot will b« the effect of heat on water perfectly depriveil of 

isl 

^Two copper wires were placed parallel to each other througli 
ife neck of a Florence flask, ao as nearly to touch the hottom ; 
ing tte lower ends of these was a fine platinum wire, uhunt 
li long, and bent horizontally into a curve. Distilled water, 
wich had been well boiled and cooled under the receiver of an 
■ pump, yiaa poured into this flask so as to All about one^fonrth 
f-^ capacity. It was then placed under the receiver of an air 
tap. BJii one of the copper wires brought in contact with me- 
"'o plate covering the receiver, the other bent backivards over 
k neck of the flask, and its end made to rest on the pump 
By this means, when the terminal wires irom a voltaic 
e made to touch, the one the u[)per and the other the 
*■ plate, the platinum wire would be heated, and the boiling 
iBUed indefinitely in the vacuum of a very excellent air pump, 
e effect was very curious ; the water did not boil in the ordi- 
f manner, hut at intervals a burst of vapour took place, dash- 
^fiie vater against the aides of the flask, some escaping into 
) reeeiver. (There was a projection at the centr.il orifice 
E-&e pump-plate to prevent this overflow getting into the ex- 
ing tube). 
"After each sudden hurst of vapour the water became perfectly 
lj,Tvithoiit a symptom of ebtiUitioa until, the oesi'^i'MA 
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took place. These sudden Larsts occurred at measoied interval^ 
so nearly equal in tia)e,tbat, had it not been for the escape from 
tlie fliisk, at each burst, of a certain portion of water, the apps^ 
ratus might have served as a limepiece. 

" This experiment, though instructive, did not definitely answer 
the question I Lad proposed, as I could not of course ascertain 
whether there was some minute residuum of gas which would 
form the nucleus for each ebullition; and I proceeded with others. 
A tube of glass, 5 feet long and -fgths of an inch internal dia- 
meter, was bent into a V-shapc ; into one end a loop of platinum 
wire was hermetically sealed with great care, and the portion of 
it in the interior of the tube was platinised. When the tube^ 
had been well washed, distilled water, which had been purged 
of air as before, was poured into it to the depth of 8 in., and 
the rest of the tube filled with olive oil ; when the V was in.* 
verted the open end of the tube was placed in a vessel of olive 
oil, so that there would be 8 in. of water resting on the platinum- 
wire, separated from the external air by a column of 4 ft. 4 in. 
uf oil. The projecting extremities of the platinum wire 
now connected with the terminals of a voltaic battery and the' 
water heated ; some air was freed and ascended to the level of 
the tube. This was made to escape by carefully inverting tii6 
tube so as not to let the oil mix with the water, and the experi^ 
ment continued. After a certain time the boiling assumed »' 
uniform character, not by euch sudden burata as in the Florence 
flask experiment, but with lai^er and more distinct bursts of 
ebullition than in its first boiling, 

" The object of platinising the wire was to present more points 
for the ebullition, and to prevent souhresauts as much as possible. 

"The experiment was continued for many hours, and in » 
repetitions of it for days. After the boiling had assumed a i 
form character, the progress of the vapour was carefully watched; 
and as each burst of vapour condensed in the oil, which, waa "ksgSi 
cool, it left a minute bead of gas, which ascended through the 
oil to the bend of the tube ; a bubble was formed here whiiA 
did not seem at all absorbed by the oil This was analysed by. 
a eudiometer, which 1 will presently describe, and proved to 1» 
nitrogen. The beads of gas, when viewed through a lens and. 
uuraometer scale at the same height as the tube, appewndil 
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nearly as may be of tlie same size. No bubble of vapour vras 
coudenaeil completely, or without leaving this residual bubble. 
The experiment was frequently repeated, and continued until tha 
water was so nearly boiled away, that the oil, wbea disturbed by 
the boiling, nearly touched the platinum wire : here it was ne- 
cessarily stopped. 

" Tit avoid any question about the boiling being by electrical 

lans similar espeiiments were made with a tube, without a 

platinum wire, closed at its extremity, and the boiling was produced 

by a spirit-lamp. The effects were the same, but the experiment 

1 more difiicult and imperfect, as the bm^ts of vapour were 

more sudden, and the duration of the intervals mora irregular. 

" The beads of gas were extremelj minute, just visible to the 
naked eye, but were made visible to the audience by means of 
flie electric lamp, 

" In these experiments there was no pure boiling of water, i.e., 
no rupture of cohesion of the molecules of water itaell] hut the water 
was boiled, to use M, Denny's expression, by evaporation against 
a anrface of gas. 

' It ia hardly conceivable that air could penetrate through such 
a column of oil, the more so as the oil did not perceptibly absorb 
^■ftiB nitrogen freed by the boiling water and resting in. the bend 
die tube ; but to meet this conjectural difficulty the follovring 
leriment was made. A tube 1 ft. long and ,^ in. internal 
ineter, bent into a slight angle, hod a bulb of ^ in. diameter 
Ito on it at the angle. This angle was about 3 in. from oui; 
L and 9 in. from the other ; a loop of platinum ivire was sealed 
S the shorter leg, and the whole tube anil bulb filled with anil 
peiaed into meiMuiy ; water, distilled and purged of air as 
^r^ was allowed to fill the short leg, and, by carefully adjust- 
* &1B inclination, the water could be boiled so as to allow 
ftiBB to ascend into the bulb and displace the mercury. The 
|Bt was the same as with the oil experiment, no ebuUition 
iumt leaving a bead of gas ; the gas colleoted in the bulb, and 
) out off by what may be termed a valve of mercury, &om the 
Gng water, then allowed to escape, and so on ; the experiment 
t continued for many days, and tlie bubbles analyzed from 
te to time ; they proved, as before, to be nitrogen ; and, as 
bs, c^utinaed indefinitely. 
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" A aimilar experiment was made wittont tte platinum wire,', 
and though, from the greater clifficulties, the experiment was not, 
HO satisfactory, the result was the same. 

" As the mercury of the common barometer will keep a 
of itfl vacuum for years, if not for centuries, there could be no ab- 
sorption here from the external atmosphere, and I think I a: 
Curly entitled to conclude from the aTjove experiments — ^which I 
believe went far beyond any tliat have been recorded — that n 
one has yet seen the phtnonoenon of pure water boiling — ie,f 
of the disruption of the liquid particles of the oxy-hydrogoa 
compound, so as to produce vapour ^rhich will, when condense^ 
become water, leaving no permanent gas. Posaibly, in my ex- 
periment of the decomposition of water by ignited platinum, il 
may be that the sudden application of intense heat, and in ai 
quantity, so forces asunder the molecules that, not having suffi- 
cient nitrogen dissolved to supply them with a naoleus for erapor 
tttion, the integral molecules are severed, and decomposition tr*-~ 
plac& If this be so, and it seems to me by no meand d 
fetched theory, there is probably no sucii thing as bulling, properly 
so-called, and the effect of heat on liquids in which there is no 
dissolved gas may be to decoinpose tlietn, 

" Considerations such as these led me to try the effect of bodir^ 
on an elementary liquid, and bromine ocouiTed as the most pro^ 
mising one to work upon; as bromine could not be boiled i 
contact with water, oil, or mercury, the following plan was ul& 
niately devised : — A tube, i feet long and -^jths of an inch il 
diameter, bad a platinum loop sealed into one closed extremity^ 
bromine was poured into the tube to the height of 4 inches; t1 
open end of the tube was then drawn out to a fine point by tl 
blow-pipe, leaving a small oriflce; the bromine was then, heatec 
by a spirit lamp; and when all the air was expelled, and a j( 
of bromine vapour issued from the point of the tube, it was si 
by the blow-pipe. Tiiere was then, when the bromine vapoui 
hud condensed, a vacuum in the tube above the bromine. T" 
platinum loop was now heated by a voltaic battery, and the \ 
mine boiled ; this was continaed for some time, care being takei 
that the boiling should not be too violent. At the end of a 
tain period — from half an hour to an hour — the platinum, loo 
^ve way, being corroded by the bromine; the quantity of € 
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iuvJ slightly (lecreasod. On breaking off under water tlie point 
of the tube, the water mounted and showed u notable quantity of 
permanent gas, which, on analysia, proved to be pure oxygen. 
As much as a quarter of a cubic inch was collected at one experi- 
maiit. The platinum wire, which, had severed at the middle, waa 
Bovered with a alight black cruet, which, suspecting to be carbon, 
I ignited by a yoltaic spavk in oxygen in a small tube oyer lime 
water; it seemed to give a slight opalescence to the liquid, but 
the quantity was so small that the experiment was not to be re- 
Uedon. No definite change was perceptible in the bromine; it 
Memed to be a little dutker in colour, and hod a few black specks 
floating in it, which I judged to "be minute portions of the same 
cnist which had formed on the platinum wire, and which had 
become detached. 

"The oxperimont was repeated with chloride of iodine and 
with the same result, except that the quantity of oxygen waa 
greater. I collected as much as half a cubic inch in some experi- 
ments from an equal quantity of chloride of iodine ; the platinum 
wire, however, was more quickly acted on than with the bromine 
and the glass of the tube around it to some extent 

" Melted phosphorus was exposed to the heat of the voltaic dis- 
ruptive dischai^e by placing this bettveen platinum points in a tube 
of phosphorus, similarly to an experiment of Davy's, but with 
better means of experimenting; a considerable quantity of phos- 
phuretted hydrogen was given off, amounting in several experi- 
ments to more than a cubic inch, 

" A singular experiment was made with melted sulphur, and 
•nlphuretted hydrogen was given off, but not in such quantities 
«s the phosphuretted hydrogen. I tried in vain to carry on these 
experiments beyond a certain point; the substance became pasty, 
mixed with platinum fium the arc, and from the di95culty of 
working with the same freedom as when they were fresh, the glass 
tubes were always broken after a certain time. Hud I time for 
working on the subject now, I sbould use the dischaige from the 
Ruhmkorf coil, which had not been invented at the period of 
these experiments. At a subsequent perio*d, when this dischaige 
was taken in the vacuous receiver of an air-pump from a metaUic 
[wiut to a metallic capsule containing phosphorus, a considerable 
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allotropic phosphorua. Ko gaa is, Iinwever, given oE I bad a 
air-pump (described, ' Phil. Trana.,' 1852, p. 101) wliich e " 
nie to detent very small quantities of gas, but I could get tt 
It WB3 in mnking these expeiimeutdtbat I lir.^t detected tbe ei 
in tlie electric discharge, which have since become a *ii' 
inch interesting observations, whieh are seen, peibi; 
beautifully in this phosphorus vapour thcin in any other i 
and which cease, or become very feeble, when the allotr ; i 1 1 
phorus is not produced. 

"I tried also phosphorus highly heated by a buming-glaB 
an atmosphere of nitrogen, hut could eliminate no percept 
quantity of gas, though the phosphorus was changed into the a] 
tropic form. 

" It is not difficult to understand why gas is not perceptiM 
eliminated in the last two esperimentsj the effect is probaiti 
similar to that described in my paper on the ' Decomposition 4 
Water by Heat,' where, when the arc or electric spark ta takea j 
aqueous vapour, a minute bubble of oxy-hydrogen gas is fi 
aud disseminated through tlie vapour, recombination l)eing [ 
bably prevented by this dilution ; but however long the experi- 
ment may be continued, no increased quantity of the gas ia i ' 
taiued, all beyond this minute quantity heing recombined. 
however, the bubble of gas be collected, by allowing the v^ 
to cool, and then espelled, a fresh portion is decomposed, 1 

" So with the phosphorus ia the experiments in the Bir-pO 
and with the burning-glass; if any gas is liberated it is pKibd 
immediately recombined with the phosphorus; possibly a 
residuum might escape recombination, but the circumstances', 
the experiment did not admit of this being collected, as the ^ 
was with the aqueous vapour, 

" When, on the otlier hand, the gas freed is immediately cut oCa 
from the source of beat— as when tlie spark is taken in liquids — ¥ 
an indefinite quantity can he obtained. 

"Decomposition and the ehmiiiation of gas may thus take I 
4 by the application of intense heat to a point in a liquid, a 
E»lao in gas or vapouis ; but, in the latter case, it is more likely ta 
■1» masked by the quantity cf gas or vapour through which ilili 
UJpted. 
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" I belioTe there are very few cases in wlii:;li some alteratiun 
does not take place by the application of the intense heat of the 
voltaic arc of electric spark. J£ the arc be taken between pla- 
tinum points in dry oxygen gas ovai mercuiy, the gas diuiinishea 
indefinitely, until tlje mercury rises, and by reaching the point 
where the nrc takes place pnte an end to the experiment. I have 
caused aa much as a cubic inch of oxygen to disappear by this 
means. — I at one time thought tliis was due to the oxi'Iation of 
the platinum ; bat the high heat renders this improbable, and the 
depoeit formed on the interior of the glass tube in wlilch the ex- 
periment is made )ms all the properties of platiuum-blnck ; so, if 
llie spark from a Kuhmkorf coil he taken in the vapour of water 
for' several days, a portion of gas is freed which ia pure hydrogen, 
the oxygen freed being probably changed into ozone, and dissolved 
hy the water in this case, while in the fotiner it combined with 
the mercury. 

** I have ttUuded to the eudiometer, by which I analyzed the 
gBsee obtained in these experiments ; it was formed simply of a 
'tube of glass, frequently not above 2^ millimetres in diameter, 
with a loop of wire hermetically sealed into one end, the other 
having an open bell-iaouth. By a pliitinum wire a small bubble 
of the gas to be examineil could be got up tlirough water or mec- 
Otuy into the closed end of the tube, and by the addition of a 
trabble of oxygen or hydrogen gas a very accurate analysis of very 
tntnnte quantities of gas could be made. 1 have analyzed by this 
jaeona quantities no larger than a partridge-shot. 

" I need hardly allude to results on the compound liquids, such 
•m oils and hydrocarbons, as the fact that permanent gas is given 
)(£ in boding snch hquids would not be unexpected; but the 
'■lAnTe ex])eriment3 seem to show that boiling is by no means ne- 
.OeBBarily the phenomenon that has generally been supposed, viz., a 
'•^ration of cohesion in the molecules of a liquid from distension 
liyheat. I believe, horn the close investigation I made into the 
eubject, that (except with the metals, on which there is no evi- 
dsuce) no one has seen the phenomenon of pure boUing without 
pannanent gas being freed, and that what is ordinarily termed 
boiling arises from the extrication of a bubble of permanent gas 
■*itiior by chemical decomposition of a liquid, or by the separation 
of some gas associated in minute quantity with the Wurai, a.iii 
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from which human means had hitherto failed to purge it; th 
bubble once extricated, the vapour of the liquid expauda it, c 
to use the appropriate phrase of M. Donsy, the liquid evaporoU 
agaiiist the surface of the gas. 

" My experiments are, in a certain sense, the complement of 1m 
He showed that the temperature of the boiUng point was ra" 
in some proportion as water was deprived of air, and that ui 
such circumstances the boiUng took place by souhresauta. I h 
I trust, shown that when the vapour hherated by boiling is atlowt 
to condense, it does not altogether collapse into a liquid, b 
leaves a residual bubble of permanent gas, and that at a o 
. point thie evolution hecomea uniform. 

" Boiling, then, is not the resjiU of merely raising a Ijjl 
to a given temperattire ; it is soinething much more complex, 

" One might suppose that with a compound liquid the ini 
bubble, by which evaporation is enabled to take place, i "_' 
all foreign gas were or conid he extracted, be formed by d 
position of the hquid ; but this could not he the case with 
elementary liquid ; whence the oxygen from bromine or the 1 
drogen fi^om phosphorus and sulphur 1 As with the nitn^en- 
water, it may be that a minute portion of oxygen, hydrogen, 
of water, is inseparable Irom these substances, and that, if boii 
away to absolute dryness, a minute portion of gna would b« 1 
for each ebullition. 

" With water there seems a point at which the tcinperatuie.i 
ebullition and the quantity of nitrogen yielded become unilbi 
though the latter is excessively minute. 

" The circumstances of the experiments with bromine, p 
phorus, and sulphur, did not permit me to push the experinu 
so far aa was done with water, but as far as it went the n 

" When an intense heat, such aa that from the electric q 

r voltiiic arc, is appHod to permanent gas, there are, in the 9 

er number of cases, signs either of chemical decomposition, -0 

I molecular change ; thus compound gases, such as hydroca^ 

[ ammonia, the oxides of nitrogen, and many others, are i 

Phosphorus in vapour is changed to allotropic phoii_ 

i, oxygen to ozone, which, according to present experienoe^ |j 

sioired as allotropic oxygen. There may be many ci 
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SB with aqueona vapour, a small portion, only is decomposed, and 
this may be so masked by the volume of undeoomposed gaa as to 
escape detection; if, for instance, the vapour of water were in- 
condensable, the fact that a portion of it is decomposed by the 
alectric spark or ignited pUtinum would not have been observed. 
" All these facts show that the effect of intense heat applied to 
liquids and gases is much leas simple, and presents greater inter- 
urt; to the chemist than has generally been supposed. In far the 
greater number of cases, possibly in all, it is not merely expan- 
Mon into vapour which is produced by intense heat, but there is 
k chemical or molecular change. Had circumstances permitted I 
I ihould have carried these experiments further, and endeavoured 
J to find an experimentum crude on the subject There are diffi- 
j GOlties with snch substancea aa bromine, phosphorus, Ac., aris- 
I ing &0111 their action on the aubstancea use<l to contain and heat 
1 them, which are not easy to vanquish, and those who may feel 
I mclined to repeat ray experiments, will find these difficulties 
Ipeater than they appear in narratioTi; but I ilo not think they 
ne insuperable, and hope that, in the hands of those who are for- 
tunate enough to have time at their dispogal, they may be over- 

I " To completely isolate a substance from the aurrouDcling air 
j and yet be able to experiment on it, is far more dilHcult than is 
.generally supposed. The air-pump is but a rude mode for such 
[qxperiments as are here detailed. 

" Caotitcbono joints are out of the question ; even platinum 

rea carefully sealed into glass, though, as far as I have been 

]» to observe, forming a joint which will not allow gas to pass, 

b it is one through which liquids will effect a passage, at all 

ts when the wires are repeatedly heated. 

In some experiments with the ignited platinum wire hermet- 

j sealed into a tube o£ glass, the end of the tube containing 

a platinum wire was placed in a larger tube of oil, to lessen the 

'; of cracking the gloss. After some days' experimenting, 

H'tbtiDgh the sealing remained perfect, a slight portion of carbon 

8 found in the interior liquid. This does not affect the results 

J my experiments, as I repeated them with glass tubes closed at 

md and without platinum wires, and also without the oil- 

; but it shows bow difficult it is to exclude sources o^ enoi. 
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n water has been deprived of air lo the greatest practicable m* 
tent it becomes very avid for air. The following esperiment is a^ 
iustance of this : — A single pair of the gas-battery, the liquid i: 
which was cut off from the external air by a greased glass atoppeq 
having one tube filled with water, the other with hydrogen, the pi 
tiniaed platinum plates in each of these tubes were connected vill 
a galvanometer, and a deflection took place from the readiou O 
the hydrogen on the air dissolved in the water. After I 
the defiection abated, and the needle returned to zero, all the osj 
gen of the air having become combined with the hydrogeo. 
sow the stopper were taken out, a deflection of the galvanoitietB 
needle immediately took place, showing that the air rapidly e 
ters the water as water does a sponge. Absolute chemicaJ p 
in the ingredients is a matter, for refined experiments, almost w 
attainable; the more delicate the teat, the more some minute R 
dual product ia detected; it Tvonld seem (to put the propodtioi 

a somewhat exaggerated form) that in nature everything is 1 
he found in anything if we carefully look for it^ 

" I have indicated the above sources of error to show the d 
pttrsuit that is necessary when looking for these minute texA 
phenomena. Enough hus, I trust, been shown in the above a 
perimentfi to lead to the conclusion that, hitherto, simple boiliilj 
in the aense of a liquid being expanded by lieat into ita v " 
without being decomposed or having permanent gaa i' 
from it, is a thing unkuown. "Wliether such boiling can t 
place may be regarded as an open question, though I incline 1 
think it cannot ; that if wateT, for instance, could be abaohdi 
deprived of nitrogen, it would not boil until some portion cA 
was decorapoBed; that tbe physical severance of the molecula* 1 
heat is also a chemical severance. If there be anything in fl 
tlieoretic view, there ia great promise of important resulta oil I 
uientary liquids, if the difficulties to which I have alluded a 

" The constant appearance of nitrogen in water, wbc 
L off out of contact with the air almost to the last drop, itt 
I well worthy of investigation. I will not specalate on'j 
[ uble chemical connection thcTe may be between air f^ 
K tbd preponderance of these two substances on the suiii 
kaod the probability that nitrogen is not the iai 
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in respiratfon that is generally supposed, might give rise to not 
irrational conjectures on aome unknown bond between air and 
iTRter. But it would be rash to announce any theory on such a 
subject ; better to test any guess one may make by experiment, 
than to mislead by theory without sufficieat data, or to leasen the 
Tilne offsets by connecting them with erroneoua hypotheses," 

21. The following advice, from the Scieniijic Ameriaxn, will 
fittingly conclude this present section— -it is entitled "Inspect 
fOtir boilers." 

"Boiler explosions ate becoming remnvltalily prevalent. Scarcely 
a day passes but what, from some part of the country, remote or 
near, we receive intelligence of a great disaster. It is perhaps 
inevitable that some boilers Ehould explode, out of the vast num- 
ber in daily use on land and sea, in the factory anrl on the rail ; 
it would be strange indeed if that curse of humanity — careless- 
Itese^ was not felt in its magnitude j for, reason and theorize as 
wa may, it is a well-settled fact in the minds of scinntiflc and 
poetical men here and abroad, that to this cause most of the ac- 
ddrats with steam may be traced. It is carelessness that makes 
boilers on bad plans of poor workmanship and material ; it is 
cardessness which omits the thorough inspection which boilers 
should have eveiy thirty days; it is carelessness which permits 
CTownshoets and flues to be humt from scarcity of water, and 
water-bottoms, legs, and fire-boxes to bo bent, hamt and distorteii 
Irimi deposits of mud, scale, or refuse that is suflered to acciimu- 
lale ; it is carelessness which allows safety-valves to be jammed 
or overloaded, feed pumps to look after themaeh-ea, braces to he 
slack where they ahonid be taut, and the pins in the braces not 
turned or bent over, bo that they cannot shp out ; such cases 
liave been known. It is more than carelessness which allows im- 
perfectly welded wronght-iron sleavea for the socket bolts to be 
used to cover the same, for the water has free access through the 
open seams and destroys the bolt as quickly as if there was no 
' protection.' Cast-iron sleeves are now used in the best shops, 
a&d besides being a perfect protection to the socket-holts, tbey 
aiw more durable and much cheaper. From the first hours of its 
praeticaJ operation until the datj of its final pondemnalion, a 
boiler is constantly grotmng toeaker, and it should he so cared 
that the voA it is obliged to do ia propoitioiMftft \o iSft 
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To ascertain what the strength it 
e done in a simple, cheap, and expedition! 
maimer by water and heat. If a hoiler be Siled /idl of watCT n; 
to the very safety valves and all aperturea closed, when a fire i 
built in the furnace the water will be expanded and raise 
if the boiler ia strong enough to withstand the strain, bnt if it ii 
not the weakest part will be ehown, and sometimes sheets an 
torn out by this method. Steam is not generated from the w&tej 
during this tost, and if a rapture does take place in the boiler no 
one will bu injured by it. The safety-valye must be loaded t 
the utmost Hmit of strain that it is supposed the boiler will bear; 
and if the test is faTOurable, oaly three-foui-ths of the load on tbi 
safety-valve must be employed for the working preMure, 

" It has never been proved beyond question, that a steal 
boiler exploded from any of the theories put forth in eac 
disaster. Some persons have a passion for 'explaining' aai 
Ij^rs that they do not understand by something else they ta 
ignorant of; and we have bail hydrogen gas brought forward e 
an E^ent in caueiug e:<plosions; water suddenly flashed into 
steam as another ; electricity for another ; and so on, through th« 
category. These are simply excuses on the part of som 
lault for the disaster. A/ler a. boiler has exploded, it e 
most supererogatory to go and look at it, and aay what canaedthd 
disaster. "We have heaps of smoking ruins, iron bent and l' 
enod, and in most coses each part ia a fac-simUe of every othfii 
explosion ; the torn sheets are gravely examined, and the condw 
aion arrived at is that ' somebody was to blame.' 

"We have no desire to treat the matter with levity, but i 
not time that we had more careful superintendence i ' 
boilers and fewer inquests 1 lu some cases the cause of accidan^ 
may be pointed out after the explosion, but in such it might hav<^ 
been done equally well befura Aa we have before remarked, il 
is to be expected that some boilers will explode in spite of sU isi 
spectiou, just as cannon do with the most careful gunnery butil 
is a pai-t, and a most important part, of an engineer's duty to b 
thoroughly convinced of the soundness and strength of his boileR 
When we see how seldom accidents of this kind occur to marin* 
boilers, wa have positive proof of the value of thorough 
si^'ht and ivatcbfulness j and AVe feel that we cannot epeE^ tO( 
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Btrongly or too often in the Scientific American, upon tlie ne- 
ceeaity which exists for promptj thorough, and frequent inspec- 
tion of steam boilers. 

32, e. Legldut'VB Enadmenla atid Customs Coneem'mg Steam 
Boilers. (See end of par. 1). The following, from an ahle paper 
read by Mr. A. Paget before the Society of Arts — although scarcely 
within the date of the present yoluma — ia ao exhaustive of all 
that need be said on the subject, that we give it here. 

"So stronger proof can be adduced of the empirical state of 
«j±Bting knowledge of the management of boilers than that affi^rded 
by a consideration of their avernge duration. While some marine 
boilers last only about three yearSj there are carefully- worked 
land boilers which have lasted as long as thirty. Captain Tyler. 
B.£., estimates the average dtiratian of a locomotive boiler at 
from five to twenty years. Perhaps the average duration of a 
marine boiler may be reckoned at from five to seven years ; that 
of a locomotive boiler at from eight to nine years ; that of a sta- 
tiowkry boiler at from eighteen to twenty years — all being sup- 
posed to be fairly worked under ordinary conditions, 

"It is clear that, subjected as a steam boiler ia to bo many 
liestructive influences, the precise effects of which can scarcely 
be yet very accurately known, the working tension should be 
only one-eighth of the ultimata bursting strength. But when 
I tellers, a^ is too often the case in England, are bought by 
tlie weight; when cheaply paid Eabour is employed in their 
jiQMi^ement ; when insx>ection of the progress of the wear and 
i tear necessarily happening even with good boilers and good at- 
j tendance, is procrastinated for the sake of gain, there is then a 
aoit of expense versos risk, in which parsimony too often gains 
' ttke day. At any rate, a number of painful accidents in all parts 
I of the world have, at different times, pointed to the fact, that 
I BTery man picked at bap-ha^ard cannot be safely trusted with 
I «bettra-power. In fact, there is probably no civilized country in 
Vbicb the legislature has not more or less interfered in the man- 
■gement of steam boilera In the states of America, the frequency 
I of boilur explosions has in some localities produced a more 
I daipotiu interference than perhaps anywhere else. In the city 
I Of New York, boilers are under the supervision of the municipal 
^gline ; they are tested periodically ; and, as a le&^i^, maxi.'^ as^ 
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condemned every year. By an enactment of Congress, applicabl 
to all the states, steam passenger vessels are subjected to Goven 
ment inspection. The 13lh. section of this Act shows a i 
acute perception of tlie real cause of a boiler exploiiioii, 'whidi 
it states, ' sholl be taken as full pnmd facie evidence ' of as ' 
gence on the part of the owuer, upon whom is thus put the n 
of disproot The law of Louisiana is particularly aevere, n 
ing the application of a hydraulic test threefold that of the wari 
iiig pressure. Of comrse, there is a great distinction betiniV 
enacting a law and putting it into practical execution, aod iti 
probable that laws tike these could only be carried out by a 
ised bodies of police, like those on the continent. In FmtM 
in 1810, 1825, 1828, 1829, 1830, 1843, and lastly on the 35ti 
of January, 1865, as many different regulations hare been isani 
with respect to steam hoilera of all kinds. Beginning by leqi^ 
ing that eveiy boOor, even of wrought iron, should he sahmith 
to a hydraulic test of five times the working pressure, this 111 
been successively lowered down to a threefold pressure in I8i8 
and lastly to a twofold pressure, by the Imperial decree of tl ' 
year. The previous law fixed the minimum thietnesa ol ti 
plates — a regulation which undouhtedlj did much injuiy t( 
making in France. The old Prussian regulation of the Stli t 
May, 1838, also fixed the thicknesses of the plates, but didn 
require any hydraulic test. By the Regviativ of the 3IatS 
August, 1861, this was completely altered. The cons 
of the boiler was left entirely in the hands of the maker; 
stationary boilers had to withstand a threefold, and looomotil 
boilers a twofold, hydraulic pressure. In the same way as 'nl 
the present French law, the teat had to be repeated after ■ 
considerable repairs. On the 5th of March, 1863, a n 
decree reduced the testing pressure for old locomotive I 
down to Ij of the working pressure; and another UittA 
Erlaaa, pubhshed on the Ist of December, 1864, reduced U 
L trot for all kinds of boilers down to twice the working loi 
I There is now no material difference between tho French and ti 
kfruaaian regulations respecting boilers ; and it may be e; 
fethat those cuutinental states, such as Bussia, Switzerland, « 
■Spain, which have more or less copied the old Frendi law 
M^^ wH siaa adopt the present alterations. There ia^ 
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lalk about aUering the present Austrian law, which determinea 
the thickness of the plates, bat only demanda a double pi'esaure 
Tho Belgian Hglernent also requires double the working 
pressure for common hoilera, but only IJ for tubular hoUers. 
Aeconling to Article 31, the test must be annually applied to 
locomotive, portable, and marine boilers, as also after all consider- 
able repairs. There does not seem to be any general law in 
Italy, but in the special acts authorizing railway companies, 
similar requirements to tho French regulations arc laid down, 
and goTemment commissioners see that they are carried out. 
Each of the smaller German states also has its law, more or 
less like that of France and Prussia. Mecklenburg-Strelitz re- 
quires that common boilers be proved to three, and tubular boilers 
to twice the working pressure ; to he renewed every fourth year, 
md every time that the boiler is repaired or altered ; Saxony, that 
qrlindrical boilers be tried to twice the working pressure, and tubu- 
lar boUers to a pressure three atmospheres above it. Eavaria 
now requires double the working power pressure for new, and one 
a haK for old boilers ; while both Hanover and Enmswick 
each have a somewhat simUar regulation. The French law, and 
indeed most of the others, require two safety valvesj and many are 
extremely minute in their directions with respect to gloss gauges, 
□ gauges and other fittings. In Great Britain there are 
TU> express legislative enactments with respect to boilers beyond 
ftoK stated in two clauses of tho Merchant Shipping Act, accord- 
to which (1) one safety-valve in every boiler of a vessel carry- 
ing passengers shall be placed beyond the control of the engine- 
driTer ; and (2) any overloading of this valve is made punishable 
\j a fine of not more than £100, ' in addition to any other lia- 
lilitiea' which may be incurred by such an act. The boilers of 
■& vessels carrying passengers, before clearing out of port, ore 
al^ected to a carefid inspection by an engineer- surveyor of tlie 
fand of Trade, who can require the boiler to be tested in the 
H)il way to twice the working pressure ; and, if he think fit, 
IbBQ, aa the result of such an examination, place the option be- 
H$ the abipownet of either lowering the working pressure or 
^Bewing the boiler. Armed with such powers, the government 
^pv^t is also responsible for anj explosion which may directly 
Btei^wrajgh wear and tear. When aQ KiLplo^u \iek&& '^Uum 



I 
I 



I 



i 



106 ENOISEEEINO FACTS. [Dn-. 

ott a passenger railway, one of tbe Bowd o£ Trade inspeotora 
railways examines the fragments and reports upon the accide 
to the goverament board, wtto cuminuaicate it to the railw^ 
board. The reports are tben. printed, in order to be presented to Paj 
liament, aud this is the extent to which the Britisli govemmeiii 
can interfere in these cases. As with other railway accidenti 
however, the Board of Trade inspector is examined as a vita 
in any action for damages against the railway company. . 
othyr boilers in the Fnited Kingdom are worked withont t 
government or municipal interference whatsoever. Withia ]at( 
years, however, private companies (the first of which was oig&te 
ized by Mr, Fairbairn of Manchester) have been formed for tl 
prevention of boiler expIottioAs. In return for a eniall eiinii 
fee, or for a email annual insLirance premium, the boilers of ai 
Bubscriber or insurer are periodically inspected, and, if reqnirwEj 
tested by skilled engineers. There can be no doubt that thes< 
companies have already prevented a great amount of loss a 
disaster. 

" It may thus be said tliat there are three distinct plana lot 
the getiural management of steam boilers : — 1. There is the coon 
tinental jilan ; 2, tbe &ee English and American mode ; 3. ' ~ 
may be termed the Manchester system. The continental n 
consists in a strict supervision, sometimes ruled by formul^^ o 
the original construction, and there its action may be said, & 
the most part, to end. It does not, and cannot, without p 
oal inspections, take into account the effects of wear and t 
It may even be doubted whether the old French law, for instannf 
did not do more harm than good as regards construction. Th4 
official formula, according to wliich were calculated the tbicknasMt 
of the plates, founded as it nas upon the assumptions that ■ 
cylindrical boiler formed an exact circle, and that a plate, hOTt< 
ever thick, conducted the same amount of beat to the water, ^ 
obviously incorrect. "What may be termed tbe ordinary Englid 
and American plan throws the onus of proof of the n 
of the owner on those damaged by an explosion. This syeteitf 

aubjeet, besides other difficulties, to all the objections that ex* 
iat against the trial of scientific questions by a jury, not composed 
of experts, and unaided by scientific witnesses. The continual 
occnnence of explosions in those cities and States in ^ 
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in respiratioB that is generally supposed, niiglit give rise to not 
irrational conjectures on some unknown bond between ftir aiid 
wat«r. But it woald bo rash to aTinounce any theory on such it 
subject ; better to teat any guesa one may make by experiment, 
than to mislead by theory without suificient data, or to lessen the 
value of facts by connecting thera with erroneous hypotheses." 

21, The following advice, from the Sdeatifia American, will 
fittingly conclude this present section — it is entitled "Inspect 
ffour loiJers." 

" Boiler explosions are becoming remarkably prevalent. Scarcely 
A day passes but what, from some part of the country, remote or 
near, we receive intelligence of a great disaster. It is perhapa 
inevitable that some boilers should explode, out of the vast nnm- 
"a daily use on land and aea, in the factory and on the rail; 
it would l>e strange indeed if that curse of humanity — carelRss- 
neas, was not felt in its magnitude ; for, reason and theorize as 
we may, it ia a well-settled &ct in the minds of scientific aTnl 
practical men here and abroad, that to this cause moat of the ac- 
cidents with steam may be traced. It is carelessness that makes 
boilers on bad plans of poor ■worlcmanship and material; it is 
carelessness which omits the thorough inspection which boilers 
should have every thirty days; it is carelessness which permits 
crownabeets and flues to he burnt from scarcity of water, and 
irater-bottoms, legs, and fire-boxes to be bent, burnt and dwtorteii 
bom deposits of mud, scale, or refuse that is suffered to accumu- 
■3 carelessness which allows safety-valves to be jammed 
or overloaded, feed pumps to look after themselves, braces to be 
alack where they should bo taut, and the pins in the braces not 
1 or bent over, so that they cannot slip out ; such casns 
e been known. It ia more than carelessness which allows ira- 
Bctly welded wrought-iron sleeves for the socket bolts to be 
1 to cover the same, for the water has free access through the 
a aeanifl and destroys the bolt as quickly as if there was no 
totection.' Cast-iron sleeves are now used in the best sbops, 
Jt besidee being a perfect protection to the socket-boita, they 
S'moie durable and much cheaper. From the first hours of its 
eticed operation until the day of its final condemnatimi, a 
r M eondantly growing toeaJcer, and it should be so cared 
i.tbftwpiJt it ia obliged to do ia piopoitiiooate \a '^ 
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Wiieu water has been deprived of air to the greatest practicable ei 
tent it becomes very avid for air. The following experiment ii 
instance of this; — A single pair of the gas-battery, the liqoid i 
which was cut o£f from the extei'ual air by a greased glass stoppe 
having one tube Med with water, the other with hydrogen, the pi 
tinised platinum pktes ia each of these tubes were connected w' 
a galvanometer, and a deflection took place from the reaction q 
the hydrogen on the air dissolved in the water, A 
the deflection abated, and the needle returned to zero, all the cc 
gen of the air having become combined mth the hydrogen. 
BOW the stopper were taken out, a deflection of the galvanomelri 
needle immediately took plac«, showing that the air rapidly G 
teis the water as water does a sponge. Absolute chemical pm 
in the ingredients is a matter, for refined experiments, almwt u 
attainable ; the more dehcate the test, the more sume minate n 
dual product is detected; it would seem (to put the propoaitic 
in a somewhat exaggerated form) that in nature everything ii 
be found in anything if we carefully look for it. 

" I have indicated the above sources of error to show the d 
pursuit that ia necessary when looking for these minute reaidm 
phenomena. Enough has, I trust, been shown in the above e 
peiimests to lead to the conclusion that, hitherto, simple 1] 
in the sense of a liquid being expanded by heat into its vapo 
without being decomposed or having permanent gas elim' 
from it, is a thing unknown. Whether such boiling van t 
place may be regarded as an open question, though I incline ti 
think it cannot; that if water, for instance, ooulii be absolnt^ 
deprived of nitrogen, it would not boil until some portion o: 
was decomposed ; that tlie physical severance of the mulecales 1| 
heat is also a chemical severance. If there be anything in t 
theoretic view, there ia groat promise of important result* <m el 
mentary liquids, if the difiicultiea to wliich I have alluded oe 
got over. 

" The constant appearance of nitrogen in water, when t 
off oat of contact with the air almost to the last drop, i 
wall worthy of investigation, I will not speculate on what p 
chemical connection thece may be between air 
preponderance of these two substances on the surface of oi 
1^ and the probability that nitrogen is not the inert d 
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in reapiration that is generally supposed, might give rise to not 
irrational conjectures on some unknown liond lietween air and 
water. But it would be rash to announce any theory on such a 
subject I better to test any guess one may make by experiment, 
than to raiaJead by theory without sufficient data, or to lesaen the 
Tttlue of facts by connectiug them with erroneous hypothcsea" 

21. The following advice, from the Snenlijie American, will 
fittingly conclude this present section — it is entitled " Inspect 
goar hoilere." 

"Boileresplosionsatebecoming remarkably prevalent, Scarcely 
a day passes but what, irom some part of the country, remote or 
near, we receive intelligence of a great disaster. It is perhaps 
inevitable that some boilers should explode, out of the vast num- 
ber in daily use on land and sea, in the factory and on the rail; 
it would be strange indeed if that curse of humanity — carelesa- 
nesB, was not felt in its magnitude; for, reason and theorize as 
we may, it is a well-settled iact in the minda of scientific and 
practical men here and abroad, that to this cause most of the ac- 
cidents with steam may be traced. It is carelessnesa that makes 
bciilers on bad plana of poor workmanship and material; it is 
oarelessness which omita the thorough iuKpeotion which hoilera 
should Lave every thii'ty days; it is carelessness which permits 
crownsheets and flues to be burnt from scarcity of water, and 
water-bottoms, legs, and fire-boxes to ba bent^ burnt and distorted 
from deposits of mud, scale, or refuse that ia suffered to accumu- 
late; it is carelessness which allows safety-valves to be jammed 
or overloaded, feed pumps to look after themselves, braces to be 
dack where they ahould he taut, and the pins in the braces not 
bent over, so that they cannot slip out ; such caaea 
been known. It is more than careleaaneas which allows im- 
ictly welded wrought-iron sleeves for the socket bolts to bo 
to cover the same, for the wnter has free access through the 
seams and destroys the bolt as quickly as if there was no 
iteotion.' Cast-iron sleeves are now used in the best shops, 
besides being a perfect protection to the socket-bolta, they 
durable and much cheaper. From the first hoars of itg 
operation until the day of its final condemnation, a 
constantly gromng wealeer, and it should be so cared 
bbftvtuJc it is obl^fsd to do is piopoiUoBaba W ^ 
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atrength. eacli year. To ascertain what the strength is, we most 
test it, and this can be done in a simple, cheap, and espeditiotis 
manner by water and heat. If a boiler be filled fdU of wstei np 
to the very safety valves and all apertures closed, when a firo is 
built in the furnace the water will be expanded and raise thevalt^ 
if the boiler is strong enough to withstand the strato, bul if it ii 
not the weakest part will be shown, and sometimes sheets an 
torn out by this method. Steam is not generated from the valet 
during this test, and if a rupture does take place in the boiler ut 
one will be injured by it. The safety-valve must be loaded to 
the utmost limit of strain that it is supposed the boiler willbear^ 
and if the test is favourable, only three-fourtha of the load on IhB 
safety-valve must be employed for the working pressure. 
" It has never been proveil beyond question that i 
boiler exploded from any of the theories put forth in eacil 
disaster. Some persons have a passion for ' explaining ' 
ters that they do not understand by something else they an 
ignorant of; and we have had hydrogen gas brought forward 
an agent in causing explosions; water suddenly flashed ii 
Bteam as another ; electricity for another; and so on, through tha 
category. These are aimply excuses on the part of some one A 
fault for the disaster. After a boiler has exploded, it aeems al- 
most supererogatory to go and look at it, and say what caused tin 
disaster. "We have heaps of smoking ruins, iron bent and 1 ' 
aned, and in moat cases each part is a fac-aimile of every 
explosion ; the torn sheets are gravely examined, and thi 
sion arrived at is that ' somebody was to blame.' 

"We have no desire to treat the matter with levity, but is il 
not time that we had more careful superintendence 
boilers and fewer inquests? In some cases the cause of accident 
may he pointed out after the explosion, hut in such it might hot 
been done equally well before. As we have before remarked,' 
'ie to be expected that some boilers will explode in spite of all il 
:tion, just OS cannon do with the most careful gunners, bat il 
a part, and a most important part, of an engineer's duty to bl 
loroughly convinced of the soundness and strength of his boilw 
"hen we see how seldom accidents of this kind occur to manna 
lilcrs, we have positive proof of the value of thorough over- 
watchfulness ; and we feel that we cannot apeak too 
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too often in the ScrssTiFic American, lapon tke ne- 

ty whioii exists for prompt, thorough, and frequent inapec- 

of steam boilors. 

Legialaiive Enaetmsnts aiid Customs Concerning Steam 
{See end of par. 1). The following, from an able paper 

by Mr, A. Paget before the Society of Arts — although scarcely 
the date of the present volume — is so exhaustive of oU 

need be sold on the siibject, that we give it here. 
So stronger proof can be adduced of tbe empirical state of 
mristiTig knowledge of the management of boilers than that afforded 
iiy a consideration of their average duration. While some marine 
Ixnlers last only about three years, there are carefully- worked 
land boilers which have lasted aa long as thirty. Captain Tyler. 
£i£., estimates the average duration of a locomotive boiler at 
from five to twenty years. Perhaps the average duration of a 
marine boiler may be reckoned at from five to seven years ; that 
of a locomotive boiler at from eight to nine years ; that of a sta- 
tionary boildr at from eighteen to twenty years — all being sup- 
posed to be fairly worked under ordinary conditions. 

*' It ia clear that, subjected as a steam boiler is to so many 
dastmctive infl.uencea, the precise effects of which can scarcely 
be yet very accurately known, the working tension should be 
only one-eighth of the ultimate Ijursting strength. But wlien 
liotleTS, as is too often the case in England, are bought by 
the weight ; when cheaply paid labour is employed in their 
management ; when inspection of the progress of the wear and 
tear necessarily happening even with good boilers and good at- 
tandance, is procrastinated for the sake of gain, there is then a 
gait of expense versus risk, in which parsimony too often gains 
Qie day. At any rate, a nnmbcr of painful accidents in all parts 
of the world have, at different times, pointed to the fiict, that 
every man picked at bap-hazard cannot be safely trusted with 
rteam-power. In fact, there is probably no civilized country in 
which tlie legislature has not more or less interfered in the man- 
agement uf st«am boilers. In the states of America, the frequency 
of boiler explosions has in some localities produced a more 
detpotic interference than perhaps anywhere else. In the city 
of New York, boilers are under the supervision of the municipal 
Uu^ «« bested periodically ; and, aa a leftviU., &u»ii a 
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strength each year. To ascertain what the strength is, we tni 
test it, and this caji be done in a simple, cheap, and expeditio 
manner by water and heat. If a boiler be filled fidl of water 
to the very safety valves and all apertures closed, wh»jn a fire 
bnilt in the furnace the water will be expanded and raise the Tail 
if the boiler is strong enough to withstand the stmin, but if it 
not the weakest part will be ehown, and sometimes ahe«ts 
torn out by this method. Steam is not generated from the w 
daring this test, and if a mpbure does take place in the boiler 
one will be injured hy it. The safety-valve must be loaded 
the utmost limit of strain that it is supposed the boiler will be 
and if the test is favourable, only three-fourths of the load on I 
safety-valve must be employed for the working pressure. 

" It hufl never been proved beyond question that a Bta 
boiler exploded from any of the theories put forth in ei 
disaster. Some persona have a passion for ' explaining ' m 
tors that they do not understand by something else they . 
^norant of; and we have had hydrogen gas brought forward 
an t^ent in causing explosions; water suddenly flashed ii 
ateam as another ; electricity for another ; and so on, through 1 
category. These are simply excuses on the part of some one 
fault for the disaster. After a boiler has exploded, it 
moat supererogatory to go and look at it, and say what caaf 
disaster, "We have heaps of smoking ruins, iron bent and bli 
ened, and in most cases each part is a fac-simde of every ol 
explosion ; the torn sheets ate gravely examined, and the con 
sion arrived at is that ' somebody was to blarae.' 

"We have no desire to treat the matter with levity, but i 
not time that we had more careful superintendence 
boilers and fewer inquests? In some cases the cause < 
may be pointed out aftw the explosion, but in such it might hi 
been done equally well before. As we have before remarked^* 
is to be expected that some hollers will explode in spite of sU 
speution, juafc as cannon do with the most careful gunners, bm 
is a part, and a most important part, of an engineer's duty to 
thoroughly convinced of the soundness and strength of his bmT 
When wo see how seldom accidents of this kind occur to naad 
we have positive proof of the value of thorough oi 
and watchfulness; and we feel that we caonot apeak 
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;ly or too often in the Scientific AiieRioiN, upon tlie ne- 
ly wMch exJBts for prompt, thorough, and frequent inspoc- 
' steam boiiera. 

Legididlce Enactments and Guatovia Concerning Steam 
(See end of par. I). The fallowing, from an able paper 
by Mr. A. Paget before the Society of Arts — although scarcely 
the Jate of the present volume — is so exhaustive of all 
need be aaid on the subject, that we give It here, 
2fo stronger proof can be adduced of the empirical state of 
ing knowledge of the management of boilers than that afforded 
consideration of their average duration. "While aome lairino 
last ODly about throe yeaia, there are carefully-worked 
boilers which have lasted as long as thirty. Captain Tyler, 
estimates the average duration of a locomotive boiler at 
five to twenty years. Perhaps the average duratioa of a 
msrine boiler may be reckoned at from five to seven years ; that 
of a locomotive boiler at from eight to nine years ; that of a sta- 
tionary boiler at from eighteen to twenty years — ail being sup- 
posed to be fairly worked under ordinary conditions. 

" It is clear that, subjected as a steam boiler is to so many 
destructive influences, the precise efiects of which can scarcely 
be yet very accurately known, the working tension should be 
only one-eighth of the ultimate bursting strength. But when 
Iwilers, OS ia too often the ease in England, are bought by 
the weight; when cheaply paid labour is employed in their 
management ; when inspection of the progress of the wear and 
tear necessarily happening even with good boilers and good at- 
tendance, is procrastinated for the sake of gain, there is then a 
■nit of expense versos risk, in which parsimony too often gains 
flie day. At any rate, a number of painful accidents in all parts 
of the world have, at different times, pointed to the iafA, that 
CTiBry man picked at bap-hazard cannot bo safely trusted with 
steam-power. In fact, there is probably no civilized country in 
vhich the legislature has not more or less interfered iu the man- 
igement of steam boilers. In the states of America, the frequency 
of boiler explosions has in some localities produced a more 
4e«potiu interferenoe than perhaps anywhere else. In the city 
of New York, boilers are under th e supervision of the municipal 
they are tested periodically ; and, as & NsuUi, m 
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decidetl as to wliich kiod was the best, lie had in the meantim 
allowed the boiler to work "without any, the preGEuro of Bteai 
being regulated by the presasre gauge. I sabse<iueiitly leame 
that within a. few liavs of the inapector'a visit a, safety-valve wa 
Bttochtid, aiid the boiler has since been insured. 

" Other examples, where, from the defective condition of til 
safety-valves, boilere were fonnd in equal danger, inigbt be givt 
but the above may auifica 

" The accidents resulting fruiii deficiency of water have be 
numerous, not fewer than 7 1 having occurred in the course ( 
the year to boilers insured, and although happily none of thei 
have been attended with loss of life, the results might have h 
otherwise; since, in case of collapse, where fractures take plact 
the escaping water and ateam frequently prove fatal to those n " 
happen to bo near. 

" In illustration of the danger which is frequently incur 
through the negligence of those to whose care boilers are intrustat 
the circunistancea connected with one of these aceidenta will Ij 
related Several of the operatives having got wet in going ( 
their work, had congregated before one of the boilers to dry the 
clothes. The fireman having neglected to try the water-gau{ 
for some time, and presuming, from the presence of water in t 
giasa, that there was a sufficient supply in the boiler, gave it 
further attention, so long as the workpeople stood before it; 
on their returning to work he observed leakage from the fntnai 
crowns, and, on trying the gauges, found the water to be 1 
He immediately drew the tires, and thna, in all probability, pp 
vented a serious accideut. Aa it was, both flues were injan 
from overheating, and required repairs. Had the flues coUapso 
as might have been the case if the workpeople had rerawnod 1 
short time longer, it is scarcely possible that one of them wool 
have escaped without fatal injuries. Many have been the tl 
stances, where explosion or collapse of flues has occurred d 
meal hours, when the workmen were collected about the boill 
and the loss of hfe has heon most serious. It would he, tl 
fore, well, if, as is the rule in some mills, all niillowners 8' 
prohibited any one but those in charge of the boilers, e 
the boiler-house or stoke-hole. 

" The majority of accidents of this kind aire edely aitahfUgi 
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to the inattention if the fireman, and show that, however wi41 ii 
boiler may he provided with gauges or feed apparatus, aometliing 
more is required to insure safety. 

" A combination of float and safety valve, which is recom- 
mended by some engineers, is so iar useful, that in case of defi- 
ciency of water the valve allows the escape f*f steam, and thus 
ffves warning of danger; but many instances have corae nniler 
notice where, under such ciroumstanoes, the flues of boilers, pro- 
vided with mountings of this kind, have been seriously damaged, 
although no actual explosion took place. Others advocate the 
Qse of alarm whistles, but most of these are very Hablo to derange- 
ment, and I can say little in their favour. Others, again, advo- 
cate fusible plugs fixed on the furnace crowns, but with the ex- 
ception of the fusible caps recommended by this Company, none 
have been Ibuud worthy of confidence. In confirmation of the 
iiivourable opinion I have so often expressed in regard to the 
I latter, I may stato that during the last twelve months 42 oaaca 
flf deficiency of water have occurred to boilers provided with these 
noitutings, where no damage was sustained, tJie steam escaping 
' <m the melting of the pings, and extinguishing the fires. The 
I only objection to their use, and one that has frequently been 
jtBised, viz., that if not kept clean thesB caps are of no service, is 
iBqiially applicable to glass tube water gauges, safety-valves, and, 
iin short, all boiler mounting.^. 

1. "Before leaving this part of the subject, reference must be 
'iniftcle to a somewhat remarkable accident which occurred to a 
bmlBr in Glasgow, but happily without serious results. 
il "This was a plain cylindrical boiler, 5 feet diameter, with 
JlBiniapherical ends, used for supplying steam for the manufacture 
I^Btarcli, and usually worked at a pressure of 25 lbs. per square 
ineh. One Saturday afternoon, in the absence of the regular 
il^Uendant, the boiler Lad become short of v/ntet owing to derange- 
ipment of the float-gauge, unknown to the man in charge, who, 
Ifievioua to leaving the premisea, had thrown on fresh coals, and 
I' bonked' the iires for the night. One of the members of the 
ifinn, finding a strong smell of burning, sought for the cause, and 
Vt length discovered that it proceeded from the boiler, the bottom 
of which was then red hot. Having closed the steam and water 
{iralves, he proceeded to draw the fira, and observed, wbila Aom'j, 
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1 bright flame issuing, as it ■were, from the circular s 
the boiler. This, however, soon diaappeaTed, and, supposiog 1 
tn have been caused by the combuBtion of some of the coal doB 
adhering to the edges of the platea, he took no further imtic^ u 
left the boiler to cool, opening the tap of a small pipe, with o; 
end descending about a couple of feet into the interior of tl 
boiler, the other communicating with the atmosphere ; by whid 
means tbe air would have &ee aecess to the interior of the bcolal 
and thus assist, as he thought, ia cooling it. On the followinj 
morning, another member of the firm, being a 
the extent of damoge, took dS the mandiole c 
the point of introducing a lighted lamp, when a large voluine e 
gas, issuing from the interior, ignited, and, extending to t^ H ^^ 
above, eet it on fire. This was, however, speedily eztinguidied 
and the owner escaped uninjured. Having investigated the n 
ter carefully, this conclusion was arrived at; — After the ev^m 
tion of the whole of the water — the steam having a free a 
uication — by means of a email pipe, with an open vessel oontaia 
ing water for the manufacture of starch, had gradually conden 
This vessel was situated in another building, and at a lower levd 
the steam^pipe crossing an open yard, exposed to the atmoapheni 
As the steam condensed, the pressure within the boiler won' 
by degi'ees, become less than that of the atmosphere, and a p 
tiol vacuum would be formed unless filled up by air or ga> t 
equal density. The damper being closed, and the seams on tl 
underside sprung from overheating, some of the gas &om the ftu 
not finding egteaa by tlie chininey, appears to have thus enteH 
the boiler. In no other manner can the presence of the gasK 
satisfactorily accounted for. 

" A somewhat similar accident, by which the attendojit lost Iti 
life, occurred in this district about the year 1837, The \ 
which was of similar construction, had been emptied by a jJ 
hole over the fire, and on the following morning the 
vas on the point of entering the boiler with a lighted lampi & 

L the purpose of cleaning it, when a violent explosion took plaa 

" A great diversity of opinion existed at the time as to i 

Dature and origin of the gas ; according to the mast tnistwottl^ 

I evidence, it was proved that in consequence of the fire not havln 
entirely extiuguished at the time of letting off the wate^^ 
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H generated frgm tiie fuel had entered at the plag-hole as the 



PThe last of the defects to which reference will he made is the 
atea from overheating, notwithstanding a sufficieiicj of 

jr in the boiler. This is of more frequant occurrence than is 
ally supposed, thougli many deny its possibility altogether. 

tateen cases of this kind occurred during the year, one or two 

ftich may he mentioned. 
" At one mill, where sis boilers are employed, five of these 
nffbrwl sui::;easively from this cause at intervals of a few weeks. 
Four of these were of the ordinary constmntion, with two inter- 
nal furnace flues; the fifth had also two internal furnaces, hut 
e connected with a combustion chamber, from which 
nndler flues or tubes conveyed the products of comhustion toths 
end of the boiler, whence they took their course to the chimney 
" 1 tlie usual manner. Thei'a was nothing peculiar in the con- 
ftniution or dimensions of tliese boilers, or in the mode of flring. 
E»ch was provided with a glass tube water-gauge, Hopkinaon'a 
[ntent safety-valve, and other mountings usually considered ne- 
cessary. More than ordinary attention was paid to their condi- 
tion, and none of them were ever known to have been delicient 
of water. Nevertheless, at short intervals, and without any ap- 
parent cause, the flues of these five boilers partially collapsed, 
where exposed to the direct action of the £re, causing considerable! 
ftlarm, and necessitating the replacement of several of the platts. 
A careful examination showed that this, as iu many similar 
oases which have come under notice, was solely attributable to 
the peculiiir nature of the deposit and the imperfect circulation of 
the water. This deposit, after floating on thti surface of the water, 
is ultimately precipitated in the farm of a fine powder upon the 
plates, which, owing to the non-conducting property of tlia de- 
posit, gradually become overheated, and thuu yield to the ordi- 
iiaiy working pressure. 

"Similar results were observed in two plain cylindrical boilers, 
vhicli liad only been at work a few months; and in another in- 
itance, where the same kind of deposit was present, one of the 
plates over the fire bulged outwarfs, forming a circular hole about 
i inches diameter, through which all the water and ite^m \aat^ 
tiiBir escape. ^^ 
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" The best remedy against these evils, if water cannot be ob- 
tained from another source, is the daily introduction of soda in 
the manner already described, together with frequent blowing off 
from the- surface. This has been found effectual when all other 
means have failed. An analysis of some of these deposits showed 
tliem to be composed chiefly of carbonate of magnesia and car- 
bonate of lime. 

" Such deposit is chiefly to be met with in the limestone dis- 
tricts, or where water is drawn from wells in the red sandstone 
formation. 

" In another instance, similar results were observed where this 
deposit was not present. It was quite evident, however, that the 
latter was solely attributable to excessive firing — ^the best Low 
Moor plates over the fires bulging outwards within a few days of 
being put in. The heat beneath these boilers was more like that 
ot a mill furnace than that of a steam boiler, and no iron could 
be long subjected to it without serious deterioration. Some of 
these plates at the part bulged were reduced in thickness from 
§ths to little more than |^th of an inch. 

" The loss of Kfe resulting from boiler explosions has been 
rather less than in the previous year." 



DIVISION SECOND. 

STEAM ENGINES, AND PRACTICAL POINTS CONNECTED WITH 
THEIR WORKING AND CONSTRUCTION. 

25. If the reader will turn to the introductory part of the Second 
Division of last year's volume, he will find a brief classification of the 
varieties of steam engines in use, with some remarks on the peculiar 
features of each. This classification and those remarks it is unneces- 
sary here to repeat, although necessary to be alluded to, and we pro- 
ceed, therefore, to place before our readers such papers or abstracts 
of them as have been published during the year, bearing upon 
one or other of the various classes of steam engines. 

26. Of stationary engines the Cornish Pumping Engine for a 
long period held the highest place as the most economical producer 
of power — through the agency oi s\.^aAEL k\» ci\i<i ^^nod in the 
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liistorj of eteam engineering it was indeed Leld to lie universally 
conceded that by it alone was the uttainmeut of that great prac- 
tical aim secured— the maxinmni of power with the minimum 
Kpenditure of fuel. So completely, indeed, Lad this opinion 
puned ground and taken hold of men's minds, that, in the wurds 
of an article from the Mechanics' Magazine, which we hereafter 
give in exienso, it was a "machine jwr se, to wiiich none hnt it- 
»alf could be its parallel." Of course it was as a pumping engine 
that the Cornish engine laid claim to such a high standard of per- 
ibction ; but jet to it, even as such, were men directed as to a mo- 
del combining iu itself all that might be suggestive of a fine balance 
of mecbanica! arrangement and construction, applicable to any 
ether of tlie many purposes for which steam power is used in our 
taduatrial and manufacturing economy. Men's minds are apt, bo to 
qnaJc, to run in certain grooves, caruleas to know whether others 
Kciet or may he bronght into existence, n'hioh will lead to as good 
a not to better results in practice; until, hy tlie introduction of 
Ume disturbing element, they are forced out of the old into and 
llong the new. In tbia, as iu other departments of practical 
•oence, this disturbing element has been at work, and now it has 
become a question amongst engineers as to whether the Cornish 
pumping engine deserves longer to maintain the long supremacy 
lilich it claimed and almost without question received. Before 
uitering into the poiats in dispute involved in its consideration, it 
vQl be usefiil, as it assuredly will he interesting, to glance at the 
leatting features in the history, as 'well as the mechanism of the 
Comish engine. This will best be done hy giving here a paper 
entitled " Oii tlie use of the Coi'nish Pumping Engine" read be- 
fifS tlie "Society of Engineers" by Mr. A. Fraser. " From the 
tuliest period," says Mr. Fraser, " of the world's history the rais- 
ing of water from a low to a higber level, hy some mechanical 
«aulrivance for the saving of labour, has exercised the ingeniiity of 
mankind; andtlie works of irrigation carried out from time imme- 
morial in China and other parts of the East have brought into use 
many very ingenious machines. But the application nf steam for 
this purpose, it need hardly be said, has thrown their performance 
ink' tbe shade, and they are now considered little better than toys. 
Il iti a rviiiarkable fact that the men who were tbe &ts,1 to '^• 
■git -HfiadBrfyl odrantag eB that iroold accme iena &.B Msa 
a ,^^iM:y- V -">■-" , ■ " " 
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of steam, appear to have first turned their attention to the raieinf 
of water by its means, and the earliest forma of steam Bngiaea 
were pumping engines, as early as the year 1663. The Marquis 
of Worcester, in his ' Century of Inventions,' deacrihea what ha 
calls a ' Fire Water Work,' which is evidently the most simple 
form of Ringle-aeting engine, in which the pres^iiro of the steam 
was applied directly to the water, without the intervention cS 
piston, cylinder, or pnmpwork. The Marquis appears to haVB 
obtained an Act of Parliament, or patent, for the protection (^ 
his invention, uiiiler the nanie of a Water Commanding Engbie; 
but as the duty performed by it was only ths 200th part tA 
that of a steam engine of the present day, it probably did n 
come into very general uae. But to the Marquia of Worcest 
must be ascribed the first invention and trial of a practic 
mode of applying steam as a prime mover, and of applying 
to one of those great purposes for which it has been so useful 
society. 

"Several other early inventors and improvers of the steam engii 
appear to have considered it exclusively as a means of c&irii 
water, as Sir Samuel Morland, in 1683, Dr. Papin, in 16ft 
Thomas Savery, in 1698 — who published a description ut ' ' 
vention in a paraplilet called the 'Miners' Friend,' and exfailut 
a model of it before the Koyal Society in 1699. Several eng" 
for raising water appear to have been erected on Savery's j 
and to have succeeded toleratly well where the lift was not r 
than 40 ft., hut us the principle consisted of a vessel altemati 
filled with steam and cooled by a jet of cold water, the effect ]fi 
duced was very small, compared with the fuel consumed. 

" But the immense expense incurred in raising water fa 
mines so embarrassed their proprietors, that most powerful inM 
tives existed at that period to engage further researches on fl 
Buhject, and to this stimulus we are indebted for another ep 
atruction of the steam engine by Thomas Newcomen, a smilli ' 
Dartmouth, who took out a patent in 1705 for a form of engit 
which was, in fact, the rudiment and fir<!t conception of the {j) 
Bdut single acting engine. It consisted of a piston in a oylinnl 
the top of which was open to the atmosphere, steam bell 
i wlniitted under the piston to force it to the top of the cyUndl 
^jt V w&ief waa next inttoduoed, which oookd the cyliaiW |j 
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dene«d tlie stfam, causing a vacuum, tbe pressure of tlie at- 
phere bcingmg the piston to th« bottom of the cylinder. 

"It VBB while attending one of Newcomen's engines, that the 
19, Humphrey Potter, who preferred playing with his compan- 

\s to the monotonous labour of opening and shutting the vari- 
«u »]clu, contrived, by attaching strings and catchi's to the work- 
ing beam, to make the engine self-acting, afler which more per- 
nwent arrangements were made foT this purposa 

"In 1TT5 John Smeaton designed a pumping engine, the cy- 
Ituder of which was 73 ia in dianaeter, and the stroke 9 ft., and 
inttgduced several improvements, but so imperfect was the state 
of mechanical science in his day, that he actually designed an 
uigioe to be erected at Long Benton to raise water for turning a 
Wle^wheel to di'aw coals from a pit. 

"Hitherto the only form in which the pumping engine had 
been employed was the atmospheric, with an open-topped cylin- 
der, and it was not till 1780 that James Watt, by his striking 
improvements, brought the machine to something like perfection, 
and caused ita introduction to any extents He provided the cy- 
linjer with a cover, contrived the separate condenser and air- 
[FaiDp, and worked the steam expansively to a certain extent 
This principle was adopted in an engine erected by Watt at the 
Shulwell Waterworks. In 1781 Jonathan Hornblower patented 
4 double cylinder engine, in wliich the steam was used in a small 
(jlinder at a high pressure, and expanded in a large cylinder. 
TioB ia a form of engine in very extensive use at the present day ; 
but the greater amount of surface, causing friction and condensa- 
tion, diminished to a great extent the apparent advantages of this 
nwde of working, and induced a preference for the single cylinder 
Migine, with its greater simplicity and freedom from complication. 
It may be observed that the first form of double-beat valve was 
introduced by Hornblower. 

" In 1802 Messrs. Trevithick and Vivian began to make use 
of iteam at a high pressure; and in 1804, on the expiration of 
Hornblower's patent, Arthur Woolf improved upon his ideas, 
and produced the well-known Woolf s engine, with two cylinders 
for using liigh -pressure steam expaiiaively. With these engines 
I duty i.>f fifty million pounds raised 1 ft. high by the consump- 
lion of 1 cwt. of fad waa obtained. After this SamuaY QiTtnft, ». 
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pupil of Mr. Woolf, turned liia attention to the improvement ol 
the steam valves, and by a proper arrangemont of their areas ol 
tained a duty of eigltty-four millions, with an engine erected a 
Wheal Towan mine, in Cornwall, a;i reported by Messrs. Lean 
In this engine only one cylinder waa employed. 

" After thia time Woolfs euginea appear to have gone out 
use ; and the next alteration in the fonn of the engine n ' 

by Mr. Sims, of Kedrath, who patented a combined engine wiHI 
the BDiaU cylinder placed over the large one ; the steam being il 
troduoed over the small piston and expanded under the- large OM 
bat as the space between the two pistons was always exposed 4 
the temi>emtiire of the condenser great loss of lieat waa the 
suit, and, at the present time, most of these engines that « 
made have been abandoned. 

" The constantly increasing demand for engine power for B 
ing water renders the qoe^tion of the description of engine to I 
employed, one of the greatest importance; and there are n 
circumstances to be taken into consideration in determining vb 
ther to make use of a rotary or reciprocating engine, 

" In some cases it may be desirable to economisH the first v 
lay rather than the future working expenses, and in others thi 
may be sufBcient. capital available to warrant the eniploymeiit I 
machinery which, though costly in the first instance, may « 
the owners to carry out their operations at the lowest possible « 
pense for years to come, without any material repairs or i 
terations. 

" Double-acting rotating engines may be classed under the & 
head, and single-acting Cornish engines under the second. T 
advocates for double-acting engines, working a fly-wheel, an 
the habit of ascribing to them, u addit on to their original I 
east in comparison with Cornsh engines several advi 
as economy in fuel, safetj working an! a freedom fropi bi 
age in the mains and pipes in ou equence of the flow of i 
being maintained in a constant str am nstead of being propd 
by strokes or jerks ; and a 'lert „ tl t tl e single-acting w^ 
^ labours under the disadvantages of a fixed load to lift at all ti 
k although the height to which the water is to be raised cons' 
\ vuiee ; a propensity to burst the pipes connected with it fi 
lie of its action ; a danger of breakageA^ 
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own parts, from the use of high-pressure eteam on the one hand, 
and the heavy weight to he lifted oa the other; and increased 
owt of attendance, froai the extrema care and vigilante required 
toitlie avoidance of aiicidenta. It remains to be seen how these 
iBtertionB are bome ont by fiwta. 

"The introduction of the single-acting Cornish engine in its 
pNBMit form, for pumping purposes, to London, dates from the 
JEM 1837, when Mr, Wickstead purchased an 80-inch cylinder 
TOpne in. Cornwall, made hy Harvey & Co., and re-erected it at 
tbflEast London Waterworks, where it is working at the present 
Imfl; but it is well known to have teen used for many years 
in the county of Cornwall for pumping water out of mines, the 
«rangonient being as follows : — The engine was fined so that the 
OBler end of the beam hangs over the shaft of the mine, and ia 
tttadied to the pump-rods. Those pump-rods, being of enorraons 
weight, are lifted by the engine, and the pumps being at various 
■Jialances down the shaft, the weight of the rods deseending forces 

the water ap a rising pipe to the suriaco. The duty performed 
lij these engines has been stated at from one hundred to one hun- 
iW and ten millions of pounds weight lifted 1 foot high with 

I owt of coal ; but from the pump work being, in raost case?, 
» fiw unJergvound, there is no doubt that facilities were given 
in mjtny instances for letting in air into the pnmps, and so arriving 
rt a fallacious result. This large duty has, however, of late years 
be«n much reduced, and various causes have been assigned for 
this apparent falling off — snch as the greater depth now attained 
is mining operations, the modern practice of sinking shafts at an 
Blglc instead of perpendicular, so causing increased friction, the 
iliniiniahiug interest felt in the subject by the owners of mines, 
4o.; but the most probable cause for the seeming reduction in 
the rate of duty is the \ise of inferior coal, which is found to be 
more economical in proportion than fuel of the best quality, of 
DOQise, where the boilers and grate surface are adajited for the 
purpose of slow combustion. This fact has. been proved by ex- 
periment at the waterworks at Kew Bridge, where a 90-inch cyl- 
inder Comish engine was lately worked fur several days from five 
boilers, burning the best coal that could be procured, costing about 
16a per ton, when the duty performed was ascertained to be one 

' and five millions, the average duty -with amoSi. CoA, eaSe. _ 
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ing lOe. 9A per ton (which is the fuel in ordinary use), bwjig 
sixty-two to BJxty-five millions. 

" Setting aside the ComLah engine as employed in mining 
operations, and confining our remarks to the engine a-s used for 
the purpose of aupplying water to towns and citiea, it may be as 
well to limit our attention to the Cornish engine as we find it 
employed in the various estabiiahments of the London water com- 
panies, where operations are conducted on the most extensive 
scale, and everything has been done to bring the pumping engine 
to perfection, 

"The London water companies have a very latge capital em- 
barked, and having a constantly increasing quantity of water to 
raise, in. some cases three or four times over, it has become witli 
them a very serious consideration to secure a description of en 
gine that will lift the greatest quantity of water with theamalle 
consumption of fuel and the smallest number of attendants, 
in addition to this, will meet the increasing demand for 
without alterations or additions, or much increased working i 
pensea. All theae conditions are fulfilled in the Cornish engi 
to a greater extent than in the rotary engine, 

" The thoroagh-bred Cornish engine comprises a cylinder vi 
strongly bolted down to a massive stone or granite loading, I 
]iiston-rod being attached by the usual paneled motion, to tha 
ner end of the beam, to the outer end of which the pump-w 
is fixed in a similar manner. The cylinder is invariably t 
rounded by a cast-iron jacket, into which steam is iotrodu 
from the boilers at the top, a drain-pipe being provided ai < 
bottom to take the condensed water into the boilers again. 
this arrangement the temperature of the steam is kept up at I 
moment of its introduction into the cyhnder to the same point 
in the boilers, and this is so important as far to exceed the ani 
lose of heat occasioned by the condensation of tho steam in I 
jacket, which becomes, in fact, a superheater. The stnfEng-b 
(if tho piston-rod contains a lantern-brass, a contrivance by whi 
steam is introduced from the boilers by a pipe into the middle 
the packing, ea that it is impossible for air to be drawn into 
cylinder in the event of the packing of the piston-rod 1( 
There are four valves in counection with the cylinder, all of whi 
t the double-beat principle, and ore made of gun mat 
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The first valve ia on the steam-pipe, jind is worked by hand. 
This ia called the governoT, and regulates tlie quantity of steam 
to be admitted to the cylinder. Tlie second ia the top steam- 
valve. This is worked by the engine, and ia opened by the 
operation of a cataract, the adjustment of which is under the con- 
trol of the engineer, aad is shut by a slide fixed tu the plug- rod, 
the slide, being movable, regulating- the point of this stroke at 
wbioh the steam is cut off. The third is the exhaust- valve, also 
worked by the engine, and also under the control of a cataract. 
The fourth is the equilibrium-valve, which is kept closed during 
the working stroke, and is opened "by the engine during the up 
stroke. The air-pump, condensers, &b., are of the same descrip- 
lioii as those in use in ordinary engines, but care is taken to have 
all the pipes and valves in connection with them as large as prac- 
liicable. The beam, which is generally of cast-iron, and of great 
strength and weight, ia supported by a massive wall, and a great 
improvement has been lately introduced by forming the beam of 
wrought-iron plates; but a very strong beam is frequently made 
by truBsing the cast-iron beams with strong iron tie-rods. The 
pomp work usually consists of a plunger, which is loaded to a 
weight sufficient to counterbalance the height of the column of 
water to be raised. The pump-valves are usually on the double- 
beat principle, and as the plunger is raised very quickly, and the 
water should follow through the bottom vdve with great speed, 
the bottom or suction valve is usually made of larger area in its 
qierturea than the top or delivery valve, through which the water 
IB propelled more slowly, and a very decided improvement has 
iMben place in the working of several engines by the introduction 
of a four-heat valve, patented by Mc. Husband. 

" But the most important point to be attended to is that the 
level of the water in the reservoir or pump-well slionld always he 
tt least as high as the level of the top of the suction- valve, and 
in arranging the relative levels of the water to be pumped, and 
the valves of the pump, it will always be found more convenient 
to force the water from the lowest possible poiJit, and not to have 
to draw it up to the plungei-caso any higher than is positively 
necessary. It is usual to provide a perpendicular stand pipe, up 
which the water is forced to fall over into the main pipes at any 
Kint that may be determined. Th e great advantage oittiftAwni. 
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pipe is its safety, as, in case of a breakage occurring in 
main, pipes, the ooluinn of water left ia the stand pipe prevent 
the I(»ded plunger from fhlling with any very great force; bo 
to proviile against any snch contingency, as well as to limit Sia 
length, of the strokes, wrought-iron spring beams and catch. pin4 
on the engine beam are usually provided. 

" Between the pump work and the stand-pipe a cast-iron a 
vessel is attached, placed in a vertical position on the outlet pipe 
the air which collects in the upper part of the vessel, forming u 
elastic cushion, takes ofT a considerable portion of the shock i 
the commencement of the doBcent of the plunger. There h i 
small air-pump worked by the engine, which keeps up a sopp^ 
of air to the air-vessel, as it is found that under great pressure th» 
air becomes mixed with the water and carried away iuto the «l 
pipe. Some of the London pumping- engines have double-acfin^ 
pipes, in which the outer stroke is performed by a loaded plungoi 
and the indoor stroke by a piston; the different areas being a 
i-nngsd to suit the height of the lift. With these pumps it i 
usual to work with an air-vessel of considerable size, and to df 
pense with the stand pipe altogether, substituting for it ab 
safety-plunger, the invention of Mr. Husband of Hayle. 3^ 
economy in working is less than the single-acting pump, in COO 
sequence of the steam being kept on the piston a longer time, anJ- 
the difficulty of carrying out the principle of expansion a 
in the former case. 

" The whole of the steam-pipes, and the cylinder, jacket, nosale^ 
&C., are carefully covered up -with felt, and cased in wood. 

" The boilers are usually ou the single tube principle, and should I 
have a capacious steam chest, from which the steam-pipe is taken I 
to the cylinder, and the large^r these pipes, and al! the passage I 
in connection with them are, the better. 

•' The boilers are carefully built in with firn-hricks, and c( 
with dry sand, and so small an amount of heat is allowed t| 
ipe, that during the recent frost ice might be seen on the al 
a floor of the boiler-house in one of the London eataht 
I ments. It may be observed that experience in boilers shows tl 
ireater the number of boilers in use, the greater the e 
el and in wear and tear; and it is advisable to have as it 
1 boilers as possible, in order that plenty of time may b» ■ 



ioweil fur the.m to cool down before oleaiisiiig. Nothing ruins 
boilers «o much as the rapid change of teniperatara, and conse- 
quent contraction, throu^'h letting in colil water befnrf they are 
quito oooL 

" As every double stroke of the engine coniprisea in itself all 
the operatioDS of the machine in a complete form, and so acqaireil 
momentum is carried en to the nest stroke, a description of its 
■etion during one stroke ia auHicieiit. 

" The steam in the boilers being at a pressure of from 35 lbs. 
to 40 lbs. per square inch above tie atmosphere, the stroke com- 
mences by the sudden opening of the exhaust- valve, which en- 
surea a thorough clearance of the cylinder under the piston; the 
steam valve ia then thrown open bj a heavy weight suddenly dis- 
engaged by a catch connected with the cataract ; the steam rushes 
from the boilers with its full pressure into the cylinder and fnreos 
down the piston; the steam- valve is then closed by a slide on the 
plng-rod, which is adjusted so aa to close the valve when the pis- 
ton arrives at one-third to one-fourth of the etroke. The re- 
mainder of the stroke is accomplished by tlie expansion if the 
steam loft in the cylinders, which is reduced to a pressure below 
' that of the atmosphere by the time the piston has reached thc- 
■<bottom of the cylinder; at thia point the exhaust-valve is closed 
i the eqailibrium-valve ia opened, which establishes a connec- 
ft between the top and bottom of the cylinder ; the weight of 
■ loaded plunger then raises the piston to the top of the cylin- 
i forcing the steam froiu the upper to the lower part of it; the 
ilibtium- valve ia closed shortly before the finish of the stroke, 
'lat a portion of steam remains above the piston and becomes 
aaed, keeping the space over the piston full of steam, and 
il high temperature ready for the next admission of steam 
rin a pumping engine constructed on this principle, and of the 
i matraiala and workmanship, a greater amount of working 
t is obtained from a given quantity of fuel than in any ma- 
e known at the present time; and this ia, to a great extent, 
B lesult of the great attention paid to the prevention of loss 
" Bat from radiation, and the plan of using the steam at a high 
rare, and letting it into the cylinder in such exceedingly small 
a of time. The steam L? maintained at a high pressure with- 
BdifGculty where a sufficient number of boilers is providfld, aai 



J 



ElTGmKEKWQ ?ACTa 



urn 



I 



the Irws of steam at each stroTic ia hai^!!)- perceptiblo ; and ii 
BoquencB of the slow rate cit' combustion maintaintid in tlie fof: 
iiares. an opportunity is afforded of burning the cheapest desci^ 
lion of fuel. The coal in use at the pumping stations in London, 
where Cornish engines are employed, is so small as to be littlj 
better than dust, and custd from 10a. to lis. per ton delivem* 
The number of boilers, and area of fire-grates, id arranged so t] 
the consumption is at tlie rate of about i lbs. of coal for evi 
square foot of fire-grate per hfiur; but in the recently-conatruetaa 
works of the Grand JimBtion Company at Caaden-hil], the iat» 
of consumption is only Ij lb. per square foot per hour. 

" It may be observed thab experience in the use of Comiifa 
puEUpiug engines during the last twenty years points to the con-' 
elusion that the larger the engine the greater the economy ini 
working, the friction being less in proportion both in the workingi 
parts and iji the steam passages, and the number of men requited 
to attend to a large engine is no greater than for a smaller one. 
The engines that do the best duty have cylindei*s 80 in., 9( 
or 112 in. in diameter. The engine nt Great "Wheal Tor 
that at Lea Bridge are 100 in. in diameter. 

" The single-acting Cornish engine is peculiarly adapted for tkt 
purpose of a waterworks in which the quantity of water to b^ 
raised Taries or increases from time to time. From the natt 
of its action, the piston travels at the same speed, whether noi 
ing at the rate of one stroke per minute or twelve strokes, K 
consequently the proportion of steam used to water raised r 
the same in both coses ; whereas, while a crank engine ia wori 
ing slowly, and raising bat a small quantity of water, a luf 
quantity of steam is consumed in bringiug the piston to the an 
of its stroke, and the objection often made to the principle of an 
ploying the engine to raise a weight which remains always H 
same, while the levels to be reached by the water vary from & 
to time during the day (as must be the case in the district 
London water companies), does not in reality apply b 
engines in particular. It is a disadvantage un ' 
description of engine must labour, and it does not app« 

reroome in those works using crank engines, viz., tl 
a works, the New Eiver, and tlie Lambeth works, in 

tl high-level reservoirs are provided of sufficient altitnds t^ 
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-» [y the highest tenant in the ilistrict, and to this maximuni 
httght the whole of the water is raised, whereas the majority of 
the hoasea supplied from the same reservoir do not require per- 
Ikaps half auch a pressure. 

" It has frequently heen mentioned that the single-acting 

Comiah engine is dangerous, that it is L'ahle to accidents in it^ 

«wn parts, and bj the intermittent nature of its action burstij 

the pipes in connection with it more frequently than crank en- 

pnra ; in fact, that the only safety consists in the fly-wheel. But 

tbe Cict is that each stroke of the Cornish engine being, as befi'M 

(tttad, a. perfect and complete operation, the pause which takes 

place at the end of it brings everything to a state of rest, and 

tlKmld any such accident occur, the engine simply stops ; but in 

the rotary engine the heavy fly-w-heol spinning round with an 

sccumulated momentum drives the water with irresistible force 

■loDg the mains, and should any of them be shut down it must 

inavitably burst the pipes or break the engine, and in case of 

Mcident is by no means easily stopped in its career ; and in 

practice it is found that, if a proper stand pipe is provided, ac- 

odenta of this natiire are very rare with the Cornish engines. 

'"' With respect to the cost of attendance on these engines, 
m, in other words, the wages of engine drivers, certainly the 
lUinimum of expense in this respect has heen reached in those 
flstsblishmenta where Cornish engines are employed. The ma- 
ehiaes are so self-acting, and it may almost be said intelligent, 
that one man only is required to attend to an engine of the largest 
hm; and a Cornish engine, with a cylinder nearly 10 ft. in dis- 
aeter, may be seen at work in one of the London waterworks 
ooder the control of one roan, vrhose wages are probably not 
tnare than £2 per week. In another establishment, containing 
two engines of about 150-horae power each — one of which works 
night and day, and raises three thousand millions of gallons of 
w^r, equal to 1^ mile sqiinre, and 9 ft. deep, 60 ft. high in 
the course of the year — the cost of engine-drivers, stokers, coal 
wheeler and boiler cleaner, superintending engineman, &c-, is 
only £560 per annum ; and theee men not only work the en- 
fa giues, but keep them packed and in repair, and clean the boilers 
I Ud flues, being at the rate of 22,000 gallons for a penny. 
L "There is no question that the firat cost of Coiuvsk ftii^'am Sft 
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considerably in excess of rotacy enginM, itom the expeuBti 
description of foundations that is indispensable. Probably ti 
cost of an engine of this description, with pump work, si 
pipe, and aii vessel, mtb boilers, houses, &C., would approach.£10 
per effective horae power; but the expense has been much r 
sme direct-acting engines lately introduced, in whi 
the cylinder is placed vertically over the piuiip, and the beam 
dispensed with. This arrangement reduces the cost of the b 
ing by one-lialf, and this engine is much lighter and more hi 
than the beam engines ; and the absence of beam and pantU 
motion reduces the chance of accident very materially, and 
greater speed in working ia attained, consistently with t 
than with the beam engine. 

" To show the durability of Cornish engines it may be «l 
that there are engines now working in London that have been I 
work for the last thirty years ; and many of the engines at H 
London waterworks have worked night nnd day for twenty y* 
without any material repairs, further than the renewal of pi 
ing to piston, && But at the end of that time a thorough u 
haul is required, and it wiU probably be fouiid that tbe hi 
pressure steam has oaten the cylinder cover and nozelea, a 
other portions of cast-iron not subject to friction but expoaedj 
tbe first rush of steam, into holes. These being renewed, 
&esh brasses put in the bearings, tbe engine is as good as H 

" At tbe Ipswich waterworks a trial was recently made to m 
tain the comparative duties performed by a Cornish engine! 
a crank engine, working under precisely similar condition^ i 
in fact, from the same boilers. The Cornish engine haa a qil 
der 33 in. in diameter, and 8 ft. stroke, single-acting. The on 
engine has two cylinders, one 17 in. diameter and 3 fL fl|' 

i, and the other 29 in. diameter and 5 H. stroke, v 
a, double-acting pump. 

" Tlie result was a duty in the case of the Cornish en 
seventy-aLit millions, and the crank engine iifty-tbur miUi 
and it ia the practice in these works to do all the work with 
Cornish engine, smd keep the crank engine in reserva 

" There are eight water companies supplying the ] 
witJi water, pumping daily at least 100 milUons of | 
L ji ocbadezabh portion of th.e quantity is pumped 1 



e worn WISH 
Oie j^^^M 

iofg^^H 



PI I 

Btsim Emoineb.] CORNISH PUMPING ENGIFE. 131 

timea over. Thia iavolvoa the daily labour of lifting the con- 
tents of a reservoir, a quarter of a mile equare and 10 ft. deep, 
as high 83 the London monument ; and for thia purpose five of 
the most importaut companies use exclusively Cornish enginea ; 
ao that, in ronnd numbers, three- fourths of the water supply of 
this metropolis is carried out bj the adoption of the Cornish 
principle — a convincing proof that, in the opinion of hydraulic 
engineers, there are advantages to be derived from its apphcation 
to thia purpose. 

"The aJvocat«3 for the adoptioa of the Cornish engine for 

r ptunping purposes maintain that the unquestionable advantages 

^"B-ii^ speed of piston, slow combustion of fuel, and great ex- 

Igion of high-pressure steam, are to be found ia this machine 

k grester extent than in any other in existence ; and they 

idently hope, by increasing the size of cylinder and length 

' roke, with a higher speed of piston and a gi'eater expansion 

Q working, to obtain a still greater effect from a given 

tity of fuel than has ever been arrived at hitherto. 

pFor drainage purposes engines in the Cornish principle have 

fi eKtennively introduced in England, Holland, and elsewhere; 

I it is rather surprising that, in designing the various works 

b the drainage of London, the eeonomy which experience shows 

li attendant on the pumping of water by these engines appears 

I to have been overlooked. 

" One of the moat auceeasful examplea of the use of the aingle- 

■.AOting Cornish engine for liraina^ purposes is the drainage of 

fthe Lake of Haarlero, in Holland, which covers a space equal to 

■4S,S30 acres to an average depth of 14 fL, the cubic contents 

_; 800 millions of tons of water — a quantity sufficient for 

LBiipply of Loudon for seven years. This has been pumped 

into the sea by three enginea, which will hereafter have to 

TOPked occasionally, as the rainfall alone amounts to thirty- 

i of tons monthly, and must all be removed artiii- 

These engines are all of the largest description, and 

strata the advantage of employing machinery of this sort 

) largest possible scale. An account of one of them will, 

baps, be interesting. 

■Xbe engine house is circular, and stands in the centre of a 

^«aillauuiig -eleven pumps; th« BOcUona coam^'axi'u^\ii% 
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with the lake ; and the heads brought up through a flooiii 
forming the bottom of a trough running iuto the sea, 13ft, aboTi 
the bottom of the Uke. 

" The engine has two cyUuders, one within the other, fixed cotf 
centrioaUy, united at the bottom, but with a clear space of 1 J ill 
between them at the top under the cover, which i 
both. The large cylinder is 12 ft., and the amaU one 7 ft i 
Jiaineter, The small cylmder is fitted with a piston, and tl 
apace between the cylinders irith an annular piston. The pistol 
are connected, the inner by one piston rod, and the oater b 
four smaller rods, to a large cap or cross-head, having a circnla 
body 9 ft. 6 in. ia diameter, and formed to receive the enda * 
the balance beams of the pumps. 

"The pumps are eleven in number, and each 63 in. diameb 
with 10 ft. stroke, with a cast-iron balance beam taming upi 
a centre in the engine-house "wall, and having one 
with the cap of the engine, and the other with the pump n 
Each pump rod is of wrought iron, 3 in, diameter, and 16 i 
long, with an additional length of 14 fl. of chain attached to ti 
pump piston. Each pump is calculated to lift six tons of v/ti 
per stroke, and the total quantity actually delivered by the eleri 
pumps is sixty-three tons. The action of the engine is as fi 
lows; — Steam being admitted, the pistons and heavy cap ■ 
thereby raised, and the pump pistons make their down a 
at the top of the steam stroke a slight pause is made to e 
all the valves to fall out and be quite ready to take their lai 
on the down stroke without shock, In order to sustain tlilt 
great weight during the interval, an ingenious hydraulic appara- 
tus ia brought into use, in which the weight is supported by h« 
plunger poles. 

'■ The two cylinders were introduced with the idea of brin^ 
the load under better command, and meeting the difB.culty of li 
variation in the height of the lift; but the advantage of this p' 
is qaestionable. The duty performed by these engines is ninety 
millions of pounds, raised 1 foot high with 1 cwt of coal, ani 
the effective force 350-hor3e power. The stroke of the puur 
being 10 feet, and the lift L3 feet, 80 tons of water are li"" 
par stroke, and only 63 tons discharged, 

"Wien working for a trial, with a 10-feet lift, and all { 
jn full action, 109 toiia oi NjaWi ■weT^ ■n.wA ^er strokeiM 
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" The coMumptioa of fuel is 2^ lbs. per horse power per Iiour 
when working with a net effect of 360 horses. 

" The cost of each of these engines was .£2 1,000, and the build- 

3 and machinery £16,000 — a total of £36,000 — or rather 

I more than £100 \iev horae-power, with all tbo disadvantages of 

b&d fonndatiom, dktance, &c., &c ; and it is calculated that there 

will be a saving of £100,000 in the cost of the works over 

[ the ordinary syatem of steam engines and hydraahc niachinaiy, 

\ md .£170,000 over tte ayateni of windmills hitherto prevaiUng 

in Dutch draiaoga. The annual cost of the three methods is thus 

lated: — By three of these engines, £4,500; by windmills, 

^100 ; and by ordinary steam engines, £10,000. 

f For drainage purposes there 13 evidently a very large economy 

|he use of engines of this sort. The low rate of consumption 

' ' 1 their case is certainly not hkely to be arrived at with 

J engines employed for the same purpose," 

27. The fallowing paper on " Pumping Enr/lnps" from the 

" Mechanics' Magazine," takes up the consideration of the question 

I abeady alluded to, as to whether the Cornish form of engine, or 

I the rotative engine, with crank and fly-wheel, is the beet for 



" Ten or fifteen years — perhaps twenty — have rolled away since 

""» Cornish engine arrived at the zenith of its fame. Then, 

), professediy accurate, were published monthly, giving the 

J of nearly, if not quite, every engine used for pumping in 

ignrall or South Devon. Then men considered that expansion 

1 carried to the last pl'actir^al limit; that it was impossible 

higher mechanical duty from a pound of coal than that 

1 by some of the best Epeciraens of steam machinery used 

mines, for widch the extreme south-western shire 

so celebrated. Then engineers laid it down as a 

^ without an exception, that the only economical pumping 

' inery which could be employed embodied all that constituted 

■ Comiah engine a machine per ge, ' to which none but itself 

lild be its parallel.' Even ten or fifteen years, however short 

Bitinie they mark is, suffice now and then to usher great changes 

H'the world; and thus men firat began to doubt, and then to 

3 wondrous talcs told of the doings of steam ma- 

f ia Cornwall They perceived that nothing in \Jte. bm "A 
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the mining districts could possibly affect the labour involred i 
the raising of a. cBiiain quantity of water from the depths of U 
earth, or the laws whiob regulated the exptinsioa of etei 
combustion of fuel, or the frictioa of surfaces; yet cxperietu 
proved that the Comiah engine reaembled a rare plant, via 
could only flourish in the sail to vbich it was indigenous. '. 
other vords, engines constructed and worked in all respects • 
they were constructed and worked in Cornwall, failed to gi* 
such excellent results as men expected, in Lanoaahire or " 
shire, or in Scotland, or anywhere else, indeed, out of the souther 
shire. Thus, tlia duty reports came gradually to be regards 
with some doubt, and then, by an easy transition, tile repoitf 
themselves showed a falling-off in the duty of the engines of 
whose working they profussed to be the exponents. And, a 
reisult, we are told that the Cornish engine does not do as modi 
work per cwt. of fuel consumed now, aa it did some years af 
This statement is only partially true, however, for other o&OB 
independent of the influence of those in charge of the engina 
have come into operation, aud apparently reduce the doty t 
something much less than it was. For example : the coo) no 
used in Cornwall is very far indeed from being as good as til 
formerly used. Time was when nothing but the beat Welsh W 
ever employed to raise steam there; but now coal ia brought 6(im 
the midland counties by rail at a very cheap rate, and fuel, if nut 
so good, is at least more plentiful in Cornwall than it vms. 
or two changes, too, have been made in the methoda of drainins 
the mines, which throw heavier work on the engines, which ■! 
thus shghtly ovei'tasked in not a few cases, with, of couise, ■ 
corresponding loss of economical effect; and we thus find IM 
there is more than one satisfactory reason for that falling-oS ( 
duty 80 remarkably evident in the more recent reports. 

" The application of steam power is not confined to the pn 

iug of mines, and it was soon found that expansion, steam-jac 

in^ &c., could bo used with equal effect, whether the engiu< 

which those expedients were applied, caused the rotation of 

fly-wheel shaft or worked the bucket of a pump. These 

o well known now, that it ia not easy to meet with a 

who will dispute them. Taking the work done in t. 

given quantity of water through a given number of fc 
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in a stated time at so mucti, it is eiisy to see tliat the meclianical 
effort required to drive a cotton or an iron mill, or to propel a 
train, may be just the same; and if the work doao in each case 
is perromied with like quahties of fuel, then the duty obtained 
moat be the same in both cases. All the work done in ten hours 
by a Cornish engine is only equivalent to a certain number of 
millions of pounds raised a foot high. The work of any other 
eiaas of engine may be calcuhitod in the same terms, and thus 
Utere is no dil£culty whatever in reducing the work done by all 
ijnda of steam machinery to a common measure. Arguing thus, 
' a -was soon seen that the economy, if economy there were, which 
tbe Comish engine possessed in comparison with the rotative en- 
^ne, must depend on something with which the raising or using 
of steam had very little to do; and we find this borne out by 
modem practice. The best class of marine engine uises only the 
tame quantity of coal, per indicated horse power, as the very beat 
Cornish engines that ever existed. The locomotive, even without 
tlia aid of conilensation, is very little behind. The fact is that 
steam does not know whether itispnmping or driving a steamship 
•crosB the waste of waters, or enabling a locomotive to career 
'.■eross the country with some hundreds of tons behind it; and, 
' therefore, provided it is raised and nsed under similar conditions 
of Bxpansion, pressure, and warmth preserved, it will give similar 
eoonomical results, no matter what the engine does with the power 
originally impressed on the piston. If that power is wasted sub- 
sequently, the steam must not he blamed for a loss altogether in- 
dependent of its mode of action. The fault must be sought for 
elsewhere. 

"Now, the laws which regulate the flow of water through 
' pipes, or its elevation through pumps, are very few and all-power- 
fuL Water being practically inelastic, must be treated very dif- 
ferently from elastic flnids, such aa steam; and any attempt to 
I impress on it a velocity, or a motion, which is contrary to the laws 
■j'^ulating its economical movement, must ba attended with loss 
of uaefnl effect. Unless, in fact, it is permitted to have its own 
Lway Tery much, the engineer must prepare to enter upon a con- 
I test, from which he can never escape victorious. ' Water,' the 
I old miilwrigbta used to soy, ' will lend, but it won't drive.' And 
I jfae principal som^ of the great useful effect developed \i"j tVe. 
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Corniali engine ia to be foimd iu the fact that all the airaiigafl 
nients connected with it are Bpecinllj intended to hnmonr Um 
whims of the water to be raised. The priaciplea of hydroatotiflS 
and liydraulics are carefully etndied. The water is as nearly im 
possible treated accotding to fixed rules laid down by theoiieM 
of which experience has long since demonstrated the accuiaojfl 
and with the beat results. But how are these resulta ehtaiaBiifl 
Strictly speaking, in the old Cornish engine, without suction-liiM 
for the indoor atroke, the steam never pumps a single drop efl 
water. Such an engine is not a steam-pumping engine. ThU 
steam has nothing whatever to eay directly to the raising of watarM 
not is it employed to pump water. We have no doubt that theafl 
statements may seem a little startling to the superficial obseivfdfl 
hot it scarcely requires a moment's thought to see that the wh<Al 
useful efiect of the steam is expended in raising the balaiice-'balfl 
and the pump spears, weighing together many tons, to a certuSfl 
height, three or four times in a minute. And regarding the ma^H 
tet in this, the correct light, the duty obtained, or the work, donfl 
hy the steam, is much greater really than appears from any d^ 
culations, into which the weight of water raised enters as U 1 
element. Indeed, the latter ought to be excluded if we waot J 
the gross work done by the fuel, and should only be retainBda 
when we want to calculate the gross effect produced l^ tl WM 
engine, because all that the steam does is involved in the elevatian 
of a given weight of timhor and iron. Once brought up to A^| 
required height, the steam has no more to say to the use nudfl 
of the descent of this weight afterwards, than the dock. labora^H 
who carries a sack of wheat up a flight of stairs, bas to sq |H 
its subsequent grinding between the mill-atones to which it i^M 
scends. It ia the descent of this weight which really puW^I 
the water; and the action of the whole apparatus, oylinU^I 
piston, spears, and pumps, is, in every respect, analogoiiR j|H 
that which it was proposed should take place when Sm(iat9^| 
put up engines to pump water, which fell into the bnclH^^| 
of an over shot wheel, in order that a motion of lotatjo^l 
might be imparted to machinery. It would be just S8 ^H 
I toneous to calculate the effect produced by the eteam in tt^| 
I «eBe, as though it were accurately represented by the vcak itj^M 
fcn flie mill, as it is to calculate the work done by thed^^l 
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in the Corniali engine, ae Twing represented by the water 
raised. 

" The true comparisan to he drawn between ths Cornish and 
the rotatory engine when employed I'or pumping; the real ques- 
tions to be asked are — Which is it better : to apply steam power 
directly to tlie raising of a given quantity of walerJ or, to the 
elevation of a certain weight, whose fall will raise the water? 
Now, put in this way, there con he no doubt whatever that steam 
must be employed most economically when merely raising a 
weight, whose velocity is trammelled by no eonsiderationa of in- 
convenience, and whose gravity is sufficient to absorb plenty of 
momentum to complete the work commenced by high-preasure 
steam subsequently expamled. We do know, however, that some 
loss of effect, be it ever so small, must take place in the execu- 
tion of this task ; and it is well to hear the fact in mind. "When 
WB come to consider the next problem, we find it far more com 
plicated. Which is it better ; to raise water by the direct action 
of steam on a piston 1 or, by the descent of a weightl The 
qaeBtion might probably be answered in favour of the latter ex- 
.jpedient, were it not that the loss suffered in raising that weight 
most be reckoned up in the account j and thus wo find that, al- 
tilough eteam in the Cornish engine is a])plied to the produc- 
tion of a certain amount of power, in a way possessing nearly 
tJieoreticol perfection, the power so obtained is practically useless 
in itself in that it is separate and distinct from the real object 
'in view ; and that, therefore, the whole train of cause and ef- 
Itet must pass through another stage before the water ia raised 
^ the surface, or the mine drained; with a falling-off from 
.fhsoretical perfection so great that it is highly probable that the 
ntative engine, wortdng at a moderate speed, and driving pumps 
jrf the proper construction, may, in every respect, be made to 
Iflqnal the Cornish engine as far as economy of fuel is concerned, 
h<4iile its first cost should not amount to more than one-balf 
iAatof its magnificent rival" 

I' 28. It is unnecessary to remind our readers of what has been 
<'4one of late years in the working of steam expannivehj. In ad- 
l^tion to a vast deal done through the agency of private enter- 
jpiise, and, as we may say, urged by professional enthusiasm, the 
Ijject has been greatly aided by what has been done ty B(ivew\.\&ii 
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Associalions. — Under the head of " Neie exp^rimenU in leorldn^ 
steam exparmvehj," tha "Scientific American" has the foUowtiu 

" We made a brief announcement, Bome mosths since, that ea 
government waa about to initiate a scriea of enperimenta for t" 
purpose of fullj and fuirl; testing the value of working steam K 
panaively. So much has been said for and against this thee 
and the practical adaptation of it, that anything tending to i 
crease the cominon stock of knowledge in this branch of e; 
ing, wiU no doubt be gladJy welcomed b; the intelligent a 
unprejudiced reader. 

" The engine chosen ia a simple vertical cylinder working t 
trard with a connecting rod, cross-head and slide valve ; and t 
cylinders (for there are eeveral of various diameters) are, leape 
tively, one of 12 inches by 24 inches stroke, one of 14 inclu 
adapted to the same fiame, &c., one of 26 inches, and one of 3^ 
inches. These are capable of being worked at either high o 
pressure by a simple arrangement. Tlie duty done by the ei 
must, in order to measure the relative economy at difierent g 
of expansion, be constant, and therefore the following plan 
after due deliberation, been determined on : — 

" This plan depends on the use of fans, having vanes of 
area, run at same velocity and under the same circumstances, to i\ 
nish the required resistance. A single line of shafting of adequn 
length and suitably supported, is to carry all the fan^ to be i 
together, if need he twenty in number. This shaft i 
through an encloaura twelve ]>y forty-eight, formed by sides a 
ends fifteen feet high, and this enclosure is divided by partitioul 
fifteen feet high, into compartments three feet wide. In each o 
these compartments, thus 3x 12x15, open at the top, the shaft iail 
prepared to receive four arms on eaoli of which is a vane, the eea.it 
trea of the vanea being two to three feet from the centre < 
shaft. I'he structure and dimensions of the arms and vanes c 
the fans to be in every particular the same in all the fans. Th«:| 
incloEure of the fans (12 X 48) is to be within a building 30X90.,_ 
so that all outside currents of air are shut out. At each end fam 
each compartment a door gives access to the &n in that comparb-l 
ment. The shaft carrying the fans will receive its motion by % 
pinion on it, from a mortise wheel on engine shaft, of such pro-l 
portions that 6 revolutions of engine pioduce two hundred r 
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latitms of fan staft. For the resiutance required for a full strake 
Cflinder, it is proposed to use ten fans, pliiced in alternate com- 
partments. The vanes on theae ten fans to be, at the commence- 
ment of larger area than necessary, anil then cut down on trial 
until that area of vane (all the vanes being reduced to precisely 
i) is obtained, which at two hundred revolutions will 
furnish the resistance, which will require all the power developed 
by the fnU Btruke cylinder at fifty revolutions, and full pressure 
of steam throughout the stroke. As each of these fans will be of 
precisely same dimenaious, will of necessity ho run at same velo- 
dty, and will in every respect be undur the same circumstances, 
gny one of the ten will require one-tenth of the power required 
revolve the ten. On removing the full stroke cyhnder, 
And substituting an expansion cylinder, having a capacity of one 
cubic foot at the point of cut-ofi| such additional number of faus 
actly the same dimensions and structure will he attached to 
the shaft, in compartments adjacent to those already occupied by 
the ten, as the power furnished hy the expansion cylinder may 
prove able to drive. The dimensions, revolutions, and circum- 
stances of the additiottnl fans being the same in every particular 
with those of the standard ten, the total number driven by the 
full stroke cylinder will embrace the facts by which to com- 
pare the two developments of power. In both cases the power 
tequired to drive the shafting, without the fans, will be common 
to both performances. It will therefore be necessary to deter- 
mine what that power is. An additional fftn driven, with the 
Kance referred to for friction of apparatus, will show ten per 
more power developed ; two additional fans twenty per cent., 
»on. 
For cases where the increase of development of power is 
thau one more fan will measure and leas than two more 
Ban measure, resort must he had to vanes of less area on one 
md to deduction, based on the area for the relative power. 
use of fans for the source of resistance, presents the advan- 
te of the easy and favourable introduction of some form of dy- 
■"Bujmeter between the engine shaft and fan or resistance shaft. 
■ Conuuiaaion are under the belief that they will be able to 
mine, with sufficient accuracy, the actual power to drive the 
Fhofl, without any fens on it, and the power to itt^e oaft <k 
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more fana, up to twenty, and that they will therefore be able, i 
oiily to determine the relative Monoiny of uaing steam with di 
ferent measures oF expansion, but the actual power develop* 
expreeaed in pounds, rai^d at an ascertained velocity, and tfaev 
fore expressible in horse-power — the conventional unit of powe 

" Tile conimisaionerB are Horatio Allen and B. P. Ishetwooi 
The engine is now well under way at the Novelty Works ii 
city. The experiments will be conducted in a building on Fcmi 
teenth street, New York, When they take place we hope to \ 
present," 

The following ia also from the same paper, as descriptive 
some of the results of experiments made upon the mode just e 
plained. 

" In our last number we published an account of four series c 
experiments of thirty hours each, the steam being cut off at t 
ferent points in the stroke. In that account we gave the mo 
important elements in the experiments, but as intelligent en^ 
iieers may like to know some of the other conditions, " 
plete this week the history of the experiments by a statement c 
all the observations which were not given in our last issue, iogf 
ther with the calculations of the fue! and water c 
work done per hour and per minute. 

The mean revohitions of tlie fan per minute daring each thirlj 
hours run, were with— §tha cutoff 68-45, §rds cut off C8-4, J ci 
off 6834, it\i cut off 6841. 

The consumption of fuel per square foot of grate snrfeoe | 
hour was with — gtha cut oif ^'000, frds cut off 7780, i cat ffl 
7-380, ith cutoff 6-710. 

The pressure of steam in cylinder at point of cut off waa ( 
last week; tlie mean pressure in the cylinder at end of si 
was with—gths cut off 24-042, frds cut off 19-184, j cut 
18-170, Jth cut off 14-846. 

The total horse-power developed by the engine per i 
' including overcoming buck pressure against piston, was 
L fthaout off 11-752, -grds cut off 11C39, ^ cutoff 12-121, ^Iha 
I off 11-682. 
■ The mean back pressure against the piston during ita E 

ivith — |tha cut off 405, frds cut off 4-87, ^« 



1^ ' 

STZiJi Bkqineh.] experiments IN WOBKING STEAM. 1*1 

The gross effective horse-power per indicator, was with — |ths 
cut off 10079, 8nia cut off 9'031, J cut off 10'609, Jth cut off 
10-288. 

The net liorse-power applied to fan. was with — ^ths cut off 
e-839, |rds cutoff 8'392, i cut off 8-889, ^th cut off 9049. 

The pounds of feed water consumed per hour, per total indi- 
cated horse-power, were with — Jths cut off 47'140, ^rds eut off 
42-90i, i cut off iOOGS, Jth cut off 36-G91 

The pounds of comhuatible consumed per hour, per total indi- 
cated Lorse-power, were with — |tha cut off 6'535, Jrds cut off 
4-822, J cut off 4-309, ^th cut off 4-143. 

Temperature of feed water with — §tha cut off 108'22, frds cut 
off 107-15, i ciit off 107-15, ith cut off ]04'42. 

Temperature of water discharged hy the air-pump, with — ^ths 
cutoff 111-26, §rila cutoff UO'OS, i cut off 11007, Jth out off 
107-56. 

Vacuum, in condenser in inches of mercury, per open gauge, 
vrith — gthseut off 26-25, frdsont of 26-27, i out off 26-63, Jth 
cut off 2601." 

In the Scieittijk American also, for July 30th, are given the 
following further partic\ilars : — 

" Wo giTo this week an account of four experimenta tried be- 
tween the 12th of May and the tth of June, the apace around 
the thill walls of the cylinder heing heated with steam from the 
Ixiiler, the exhaust ateam heing condensed. The four points of 
mt off were the same in all the experimenta. The following are 
the figures : — - 

Total number of reyolutions of the engine during each thirty 
houra run— |ths cut off 77-726, frds cut off 77762, ^ cut off 
77-763, ith cut off 77-624. 

"Total number of the revolutions of the fan — Jtha cut off 
123-289, frds cut off 123188, | out off 123-348, ^tii cut off 

13-134. 

Total nnmher of pounds of water evaporated — J*^^ '^°* °^ 

1-901, frda cut off 11-267, i cut off 11188, ^th cut off 9-632. 

Total number of pounds of steam condensed in. the steam 
Itha cut off 463, |rds oat off 450, ^ cut off 498, Jth 
0^532. 

juunbei of pounds of combustible consume, bA,&^% oa^ 
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and wood together and deducting the ashes — ^tha cut off 1'2H 
frda cut off 1-069, j tut off 1066, Jth cut off 959-5. 

Nuinter of revolutions of engine per mbiute — gtha out « 
43-181, ^rds cut off 43-146, i cut off 43-209, Jth cat i 
43-124. 

Vacuum in condenser in inohee per open gauge — ^mean- 
cut off 27-29, |rds cut off 27-26, i cut off 27-70, Jth cut 
27-19. 

Mean height of barometer during each run — Jths cut off 29'& 
^rda cut off 29-89, j cut off 29-82, Jth cut off 29-97. 

Mean temperature of -wa-ter discharged by air-pump durir 
each thirty hours nm — Jths cut off 9888, frda cut off 98'33, 
cutoff 93-16, ith cut off 104-38. 

Mean temperature of feed waiter — Jtha cut off 95-92, jrde a 
off 95-63, i out off 90-36, ^th cut off 101-54. 

Mean temperature of engine room — -|tb3 cut off 72'32, |iiS 
cut off 76-68, i cut of 77-09, Jth cut off 77-12. 

Mean steam pressure in boiler per gauge — ^tha cut off 28"J3 
§rds cut off 25-41, \ cut off 3464, Jtk cut off 47-51. 

Mean pressure in cylinder above full vacuum at heginoiDg a 
stroke — Jths cut off 28-714, frda cut off 30-976, ^ cat n' 
36-181, Jth cut off 4 7 -02. 

Mean pressure at point of cut off— |tlis cut off 26*022, frf 
cut off 27 015, ^cutoff 31-448, Jth cut off 41-52. 

Mean pressure ut end of stroke — |ths cut off 23506, JrdBOi 
off 18-698, i cut off 16-772 :ith, cut off 14-088. 

Mean back pressure on piston — |tha cut off 3 -340, frda cuts 
3-390, i cut off 2-500, \ cut off 2-45. 

Moan gross effective pressure — Jths cut off 23'413, ■jrdi CB 
off 23-761, i cut off 25-909, ^th cut off 24116. 

Gross effective horse-power per indicator — ^ihs cut off 9' 
Jrds cut off 9-816, ^ cut off 10760, ^th cut off 9-958. 

Total horse power, including overcoming back pressni^H 
cut off ll-277,|rds cut off 11-217, i cut off 11-754. wM 
. 10 970. jH 

[ Ket horse-power applied to fan, deducting back praoJlH 
[ friction of engine— |tha cut off 8572, feds cut off 8-fiT7, i 
I off 9-327, Jth cut off 8-719. 
L..fQi)sdso££eed water poi lioui per total bon&^ww jt^ 
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catm — Jtha cut off 38130, frda cut ofl' 33481, ^ cut off 31-691, 
JtL cut off 39-261. 

Poonda of comljustible per total iudicnted horae-power per 
lioiiP — |th8 cut off 3-682, |rds cut off 3'179, i cut off 3-164, 
Jth cut off 2-906. 

It will l>e observed that an economy of nearly 26 per cent, in 
ftiel was effected by cutting off at ^th instead of fths, the same 
wurk bfing done in both cases in the same time. But in cutting 
off at ^cds and at ^ of the stroke there nas no material difference 
ia the quantity of fuel'' 

39, The following paragrapli will be useful here. "An Er-peri- 
meiti with a Steam Engine. — Mbssrb. Editokb. — I waa called 
upon a few days since by Mr. G. B. M'Donald, constructing en- 
gineer of the Louisville rolling mill, to witness an experiment on 
niM of its principal engines — an account of which may prove botli 
OSeftil and instructive to many of jour readers. 

*■ In this trial the throttle -valve alone was used {the governor 
vmlT« WB£ thrown full open). After setting the throttle so as to 
give about the ordinary piston travel per minute it so remained 
tbrough the experiment The engine when cutting off at half- 
.rttoke made 23 revolutions per minute; the change waa then 
to full stroke by simply changing the cam hooka, when the 
ling speed fell off until only 1 7 revolutions per minute were 
led in the same time. These testa were repeated three 
' times during half an hour, with precisely the same results. 
boiler pressure by the gauge waa 125 lbs. The engine was 
driving the unloaded machinery — shafting, gearing, &c, — 
equals about fifty tons. 
'Mr. M'Donald stated that the engine in question was in 
-rate order, as it had been running but a few days since it 
thoroughly overhauled by the niuker. It has a 26-ineh 
^linder by 6j feet stroke, with puppet valves, levers and lifters 
Wttked by eccentrics. The fly-wlieel, 18 feet in diameter, is on 
th* counter-shaft, driven by a 16-feet spur wheel on the engine 
ihiit, and roaile about 2^ revolutions to 1 of the engine. 

" Does not the above test show the practical difference between 
wbeKira-wing, as it is termed, and expanding steam 1 

"In say praotioa! teats of stationai'y engines, using slide valves 
^Bis, I long since discovered thaw "waia a. -j-Bi^t « 
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proportional size fur tlte capacity of the atcam chest relative H 
the Gize of the stpam cylinder and point of cutting oS. My a 
perimenta showed that a point could be reached where the a 
preaervEii with the chest would approximate very closely to tl 
of the boiler, while using the catnmon governor and vaJve. 
is easy to perceive, il the chest was too small, that the qnantiH 
would fall short ; if too large, the amount of pressure would a 
be reached. Besides, large chests or castings, to fill between Q 
governor valve and piston (when under the control of a govern 
cause more fluctuation of speed than small ones, and espeo" 
so where the amount of fly-wheel ia insufiicient, which is t 
generally the case in the West. " N. CoFS, | 

"Louisville, Ky., April 23, 1864. 

" \We should like to see cards from the engine in question'^ 
they would tell the whole story. As our correspondent adds 
in another portion of his acceptable letter— the principle, Cd 
rather the reason, for the defect is not new, and has been mg-M 
geated many times before. Engines in general — ordinary d 
tionary engines — follow a great deal further than they ehou* 
more steam enters the cylinder than is required to do tihe M 
and the result is not only a waste of fuel but a loss of n 
effect iu the engine itself Such engines labour heavily x 
as if affiicted with the asthma. Five-eighths of the stroke is fii 
enough for any engine to follow. Very many engines whose poftfl 
remain open to the end of the strote, would be greatly benefited hj 
adding lap, if the valve is a shde, and shifting the eccentric tool 
off sooner, or altering the toes and eccentric to make tbeTI* 
drop sooner if they are poppets.] — Edb." of SiMntifie Am 

30. " Valuable E^eriments in Working Steam.— 
Hecker, of this city, has already expended some 6,000 doUaw ol 
his private funds in experiments designed to ascertain the p 
oal value of working steam expansively. Those experiments w 
made about four yea^rs ago, and an account of them was p<dl 
lisheil in the Scientrjic American at the time. An engine foi 111 
purpose was designed and constructed by Henry Waterman, ff 
Cherry Street, and the eKperiraents were made at his \' 
Though the engine was immersed in steam of the boiler tempd 
tare only about one-sixth portion of the theoretical valnaj 
' m was iGiOlized, a result very eurpnaing to the e 
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and which led to much leQection in regard to the cause. 

Waterman came to the concIuBion that if the condensation 

re-eTaporation of steam within the cylinder could lie pre- 

;led, a larger portion of the value of expansion would be 

and he designed an engine to settle the point Mr. 

m considering the matter, determined to defray also the 

le of this second series of experiments. 

Waterman's plan was to make the cylinder with very 
walla, so that the heat would be quickly transmitted from 
outside to the interior. He accordingly made bis cyhnder 
psteel plate, -^th of an inch in thickness, and surroimded thiii 
jimilar plate ; the space between being |ths of an inch 
nd the two cylinders Ijeing stayed together by numerous 
passing through the walla of botL This double cylinder 
enclosed in an ordinary cast-iron cylinder where it is 
by red-lead cement. 

experimental engine was constructed on this plan with a 

' 10 inches in diameter and 2 feet stroke. The resistance 

led by a large fan with 4 radial arms 6 feet long, each 

a, sail 3 feet li inch by 11 feet 1| inch; rovolviag 

revolutions per minute. 

experiments are now being conducted at Mr. Wat«r- 
stop, They are made in series of thirty hours each ; 
ttent men being constantly employed to watch the eugine, 
make a record each hour of the following facts : — 
>le number of strokes of the engine, 
f tesaure of steaia in boiler, 
TTemperature in the room, 
^emperaCure in the feed tank, 
mpeiature in the hot well, 
ttemperature of injection water, 
yacuum in condenser, 
lit of barometer. 

1 time required to evaporate each tank full of water, 

g 450 lbs., the time required to consume 350 lbs. of coal, 

II other material facts are also recorded. 

9 shall watch these experiments with great interest, and 

a full account of them with the results." — •Scitiiti^c- 
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31. Beanu of Sleam Engineg. — In last volume b 
pretty fully the best form aud the beat materials in whieli I 
cany ont that form, of the beams of engines, and gave abstrai 
of an exceedingly valuable character from papers c 
jeet, culled forth by the lamentable accident which happen! 
at the Hartley Colliery, (see last year's Yolume). On the t 
ulniclion of beams of wroughl-iron Mr. Fairbairu, in a valn^ 
paper (on ' Iron and its Application to the Manufacture o 
Engines, Mill-work and Machinery,') road before the members 
the Litefary and Philosophical Society, Newcastle-on-Tyne, b 
the following : — 

"The lamentable and disastrous occinreDce which took p 
at Hartley Collieiy by the breaking of a cast-iroa engine 1 
a few years since, must be fresh in the recollection of the paW 
and those now present. This unfortunate cataatrophe, by ti' ' 
upwards of two hundred valuable lives were lost, was chiafly dl 
to the uncertainty of cast-iron when cast in large masses, aalyi 
as is generally the case, to unequal contraction in the procen 
cooling. Altogether cast-iron is never a perfectly secnre mati 
when subjected to severe strains or force of impact ; it is ne 
thelesa of great value in most constructions. On almost ip 
occasion, when the casting is large, there is a degree of ue 
tainty arising fi-om the -wan-t of proportion of the parta, at 
flaws, and want of attention to uniformity in the process of « 
itig, and the danger of having some parts of the casting igr< 
state of nnequal tension — teelmically called hide bound — w' ' 
ultimately leads to fracture. The greatest possible core is, ti 
fore, necessary in every description of beam or girder to seled^ 
the first instance, the proper mixture of metal ; to study the I 
of proportion in order to attain perfect uniformity in the OOOi" 
and to relieve the article, whatever it may be, from unequal it 
in the contraction of its parts. This is an art surrounded W 
many difficulties, as every casting calculated to sustain sew 
strains is subject to unequal contraction unless it is carefultyp 
pared and duly proportioned to admit of uniform tension in I 
■ combination of its parts. 

" I have been the more particular on tiieae points, as J 

ly own experience, so many failures fiwnt K 

9 and neglect of these important conaiderationg 
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UTe ventured to direct your attention to them, and to show how 

intial it is to security Eind ultimate success to watch carefully 

B laws by which we are to arrive at sound castings, and how 

■e works in the proeeas of passing from the fluid to the solid 

1 different materialsL 

f On the question of engine beams we are, however, relieved 

3 all doubts on the score of security by the employment of 

ight instead of cast-iron. It has often occurred to me, in 

H exercise of my profession, that in engine beams, as in bridges, 

Mndidoas combination of that material would relieve us from 

I anxiety on the score of security ; and moreover, it would 

V and important era in the apphcation of wrought- 

1 place of cast-iron for the main beams of engines. 

''This idea is not new, as it occurred to Mr. Murray, of Chester- 

ee^ and Mr. John Taylor, aa well as myself, and the tirni 

j^Manchester has constructed for these gentlemen three large 

! of this class. The first was at work shortly before the 

/ accident, and, having been constructed under my own 

iato superintendence, I have considered that a description 

s strength and other properties may not be unacceptable to 

^miners of this and other districts. 

C^Tbe beam, of which the annexed figure is a drawing, (Fig, 1.) 

f the tubular form, composed entirely of plate-iron, with cast- 

B centre sockets to receive the axis, and crosshead of the pump 

I, and parallel motion. 

[^The dimensions of the beam are as follow : — Length, 28 ft. 

; depth, 5 ft. 6 in. ; and 2 ft. wide. The sides are of § in. 

)f eupported between the flanges with T-iron over the joints, 

jl corresponding strips outside. The upper and lower flanges 

I' composed of the best double-worked plates and covering 

I, chain riveted, each 2 ft. wide, and f in. thick, and these 

K^nretted to the sides by double-angle irons, as shown at a u 

I &c, in the drawing. For the reception of the main centre 

, ftre two cast-iron plates flrmly riveted to the sides and 

b irons of the flanges, as also to two T-iron ribs inside, which 

n the side at b, b. At the extreme enils c and d, are similar 

to receive the pump rods, parallel motion, air pump 

These constitute the more important features of the 

A.jOBf ho aeea from the drawings. 
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Che calculatbn of its strength accorJing to the f.)rmula| 

- — f — ia as follows : — 

Let the lougth of the beam . . . = 28 ft. 8 

depth „ . . rf ^ 5 fl. 6 

area of flanga . . n ^ 58 ac}, i 

cotiatiiQt derived from cupBriinent c = 80. 

I^nee W = ^^ '^^■L^ ^^ = ^^^ ^"' "" '^^ brcakmy| 
ght of the beam in the miildie. 
' Now as the beam in ita reoipiwating action is subjected iit^ 
irnate strains of tension and compression, and as the load to 
lifted will never exceed from 85 to 90 tons, we may safely 
fiider the ratio of strength aa 870 : 90, or nearly as 10 : 1 — 

Fig 2 * ^^^ margin of strength ; and this wilt amply _ 

^^^^^^^^_ provide for the force of impact to which every J 
^^Hj^^^l description of engine beam is subjected ofM 
^^^HHj^H case of any accident to the buckets or pump^ 
^^^^^^^H rods in the pit. Besides, there is this addi- 
^^^^^^^^H tional security, that wrought-iron is three 
^^^^^^^H times the tensile strength of cast-iron ; and, 
^^^^^^^^1 being a fibrous and ductile material, there ia 
^^^^^^^H less chance of its snapping asunder withonbi^ 
^^^^^^^^1 notice, aad subjecting the helpless miDcrs, as I 
^JHHj^^^' in the case of the Hartley pit, to an irremedial ■ 
"""""■ and lingering death. With these facts lieforo J 

and tbe means of rendering our engines free from danger, iJj 
re to nrge upon the coal owners and engineers of this anj'l 
ler districts, and in all oases where tliere are doubts of security, T 
iinallfutureengines,that the main teams be made of wrought- 1 

EL 

* Having thus pointed out what is necessary to be observed ii 
iapplication of iron to the steav engine (I speak of it in its J 
loal sense, without entering into the classification of iron and J 
d to the principal parts of the steam engine), I may, ii 
«ion of this division of my subject, notice the cylinder, con- J 
iting rod and crank, as requiring careful attention on 
the constructor aad engineer. The forces appUed to the cjlin 
I which is always made of eound <»Bt-tron, on \i:^Ti. \^ «s 
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cumference, bottom, aud cover — the same as those appllf 
the boiler ; and the same foi-mula may be used in the calculi 
in regard to strength, but with this difference, that 
per square inch must bo taken as the ultimate tensile etreng 
the tuaterial. The same stay be said of the connecting rod 
crank, excepting only the transverse section of the former, 
shall he in the middle (if made in the form of ribs or webs 
times the diameter of the solid port of the rod at the beam 

"As respects the crank, the same formula^ 

need for calculating the strength of heams may be applied, 
this difference only, that the constant c, for wrought-iron, 
while that for cast-iron is only 26. For ordinary purposM 
calculations will ho found practically safe, but, in all them 
structione, I must confess, that nmch depemla upon the 
cnce and practical knowledge of the engineer, and that a 
eye to proportion, and a sound judgment, is frequently of 
greater value than a whole volume of algebraic formulae. 

" I much fear that in these investigations I have enlarged 
extent sufficient to try your patience in my examination oj 
important subject ; but aa steam, the steam engine, and 
teiiol of which the latter is composed, enter largely, iu tbeet 
iif iron, into our daily occupations, I trust I may he excuse 
have been a little prolix, Emd trenched to some extent upon 
valuable time." 

32. 27(6 constTuction of Fly wheels. — On this veiy ixa^ 
subject the Mechanics' Magazine has the following paper. 

" Now and then, albeit rarely, fearful accideuts ooear fcoi 
breakage of fly wheels, and it is worth while to consider 
moment to what proximate or ultimate causes such imtl 
event should properly he attributed. The wheel, revolTi 
speed, flies to pieces, and these pieces, under the influence 
tiifugal force, depart from the path of previous rotation i 
gents which carry them through roofs, walls, and buildingi 
cannon shot. A few hundred weights of iron, stai'ting i 
initial velocity of the rim of a wheel 20 feet in diameter, 
~~~Pn9yoIntionB per mmnte — ^bj no means an 
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— represents a very cousiilerable amount of concentrated power ; 

quite aufBcient, indeed, to perform a vast deal of mischief in an 

incredibly short apace of time. Thus we find that an iron works 

at Deep-fields, near Wolverhampton, was partially destroyed by 

the breakage of a fly-wheel, in November, 1869. The damage 

done was estimated at £3,000. Accidents of the kind occur 

i irequently in rolling milla, perhaps, than anywhere else. 

I iCh e great size and weight of wheel, and the speed of rim neceasa^ 

e a heavy train of rolla, puts a strain on the material of whicli 

B composed — invariably cast-iron and not oilen of good quality 

wbich must reduce the factor of safety to a very low limit. 

e Budden shock caused by the passage of a rather cold bar, 

1 hit, such as a morsel of steel, in a pile, tlu'oiigh the 

y occasion a catastrophe at any moment. Sometimes the 

ing boxes give way; sometimes the rolls; more frequently 

, and all too often the fly-wheeL But the breakagi; 

fy-wheelais not confined to rolling, or, indeed any mills; every 

1 of machinery using the device is liable to the same accident, 

t though the consequences are seldom very seriona, they are 

e the less annoying. 

JfVeiy commonly it is asserted that centrifugal force is the prin- 

1 agent of destruction. No statement^ as a rule, can be more 

"Then a wheel is of the proper weight, and of the 

ter, the rim mnst, if made of cast-iron of fair quality, 

a sectional area that the influence of centrifugal force 

y ordinary or legitimate speed must be powerless to overcome 

i tensile strength of the material Of course, instances may 

r where, from the iailure of some portion of the machinery 

motion, or from some other cause, the load on the engine is so 

"lenly reduced that it will raco before any meaauree can be 

D to check the flow of steam to the cylinder. Under such 

4itions, a fly-wbeel is very likely to give way. Even then, how- 

)s not follow that centrifugal force is the principal cause 

ure. We have seen the arms completely broken out of 

rately-sized fly-wheel in this way, while the rim remained 

The moment the spur or belt wheel on a crank-shaft — 

t driver, in fact, in the system — is suddenly relieved of a 

B amount of resistance, the tendency of the shaft to re- 

X speed will be conamonicatcd to ttie tl^-'^\tsfi\. 'nov 
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through ita centre boas and apokcs; the great weight, the t 
inertia, in fact, of the rim, will prevent it from assuming this il 
Ri'eaaed speed with corresponding promptitude, and the result is 
that the apokes oi arms are exposed to a tranaverae stmin, vei 
similar to that of beams fixed at one end and loaded at the othei 
and as bad cast-iron is a very brittle material, and any sort c 

n is generally considered good enough for a wheel which " 
nothing to do but turn round," it is not wonderful to find a By 
wheel spun clean off its nave now and then, centrifugal force c 
the time neither aiding nor abetting in the matter. 

" The mode in which a fly-wheel is constructed, haa, i 
from all considerations connected with design or shape, a voi; 
material influence on ita strength. Invariably made of caat-ii 
with the exception of the arms, now and then of wrought iroi^ 
or even wood, it is obvious that, without due care, a very si 
amount of initial strain may be thrown on the rim or spokes hj 
the act of contraction in cooling. Very large wheels, as a i ' 
always are oast in aegmenta, subsequently bolted together; t 
thia precaution is not always effective, aa two, or even moT«t 
spokes, and a section of the boss, in the case of moderately si' 
wheels especially, are sometimes cast in one with the sc^men^ 
the contraction of which, by drawing the outer ends of the spoke 
together, exposes them to an injurious tmnsverse strain near t' 
boas. It is always better to cast the rim wholly distinct fiv 
the arms. Whether these ars or arc not to bo one with the ba 

Its a mere matter of convenience. At the Dowlais Ironworks e 
two fly-wheels each twenty feet in diameter. The rims of thei 
wheels, 1 2 inches square in cross section, are cast in one ] 
attached to the arms by dove-taU jaws and blocking. This n 
of construction ia very good, and wo doubt if it is much i 
expensive than the method of casting the rim in distinct sc 
the coat of the bolts, and a certain amount of indispensable fitting I 
before the wheel is completed, going far to balance the iuareued I 
trouble and inconvenience of getting a ring of cast-iron 20 fee' 
or so in diameter, into place. It ia obviously inapplicable ii 
oases where the wheel has to te transported any considerable dis-J 
tance fr^-^the foundry. 
" I* , . ■' T.e, fly-wheel is constructed, very light a 
.n .,'• " °"'' °' '---i«u. d.«gii. It i. true IhM a , 
revolutions per minii- 
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weight of iron placed in the rim might he more effective in main- 
tainiiig equality of speed than if placed in a spoke, but transverse 
Btrength of arm is a far more important cooaideration than any 
little gain in this way can be. In tlie present day, this principlu 
of constmction is much more neglected than it was once. A 
spider fly-wheel may be very elegant to look at, but it is any- 
thing but a safe companion, except with verj- uniform resistances. 
It ia worth considering, too, whether it wonld not he good policy 
to Bhrinlr a wrought-iron hoop on to all wheels intended for roll- 
ing mills, or situations where they are likely to be exposed to sud- 
den changes of speed. Such an expedient would cost very little 
money, as the cheaper pig-irons might then be used for casting 
the rims at least, with perfect snfetj. The combination of 
wrought with cast iron in many structures, is worthy of more 
extended adoption than it has yet received Had the Hartley 
BDgine beam be«n hooped with wrought-iron, as are the engine 
beams of American river steamers, we should, in all human pro- 
bability, have had one mining disaster the leas to lament. 

"The breakage of small fly-wheela is a matter of every-day oc- 
imncnoe, and as the results, though seldom fatal or destmctivc, 
'toe eiceasively annoying, it is just as well that builders of por- 
Ifable engines and such machines should take all proper precau' 
'ttons to prevent their recurrence, "Wheels of the kind are al- 
ttoet invariably cast entire, and for the most part good iron is 
Mlied on to prevent them from going to pieces by contraction. 
Occaaionally they break on the lathe, the first roughing cut being 
«nough to reduce the cross section of the rim. so far that the ten- 
«ioii of contraction produces iracture. If such a system of con- 
(•fcmctian must be persisted in, then care should be taken at least 
'to cool the heated iron very slowly, and to employ an uneven 
number of arnia, as three, five, or seven, so that direct strain may 
not be exerted across the wheel OccasionaUy curved spokes are 
Wad. The theory is that the curve permits a certain amount of 
lexure. We doubt the efficacy of any expedient of the kind ; 
Vnlesa the curvature is considerable, no bending can take place ; 
Ud if it is considerable, the spoke is submitted to a transverse 
strain at or about the bend by the contraction of the rim, which 
i«annot fail to operate injuriously. It might be found worth 
>Cirbile to oast fly-wheela up to, say, six or eight feet in i'vB.me.'yiTL, 
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thiis ; — The rims and arms to be cast first, and v 
cooled down furly, that is to say, in three or four hours, to csb<t 
the boas in such a way that the metal of the inner ends of the 
arms would be re-fused, and become one with the boss. Cast- 
iron paddle-shafts and the rolls of iron mills, are often mended 
by an operation similar in character. The roll is set verticsUj, 
with itB broken end uppermost ; a flask containing a sand mould 
of the part broken off is fixed on this end, and molten metal it 
poured into this, and allowed to escape at a bole in the bottom 
until the fractured end begins to show symptoms of fiman. 
Then the hole is stopped up and the process completed by MDg 
the mould Fly-wheel bosses could be easily and cheaply cait in 
the same way without the necessity for any very exceptional a- 
rangements on the founder's part, and it is certain that, with pro- 
per care, the finished wheel would be free from initial tension in. 
all ita parts." 

33. The following paragraphs, (o) and (b), fittings of ¥ 
parts of steam engines, will be useful ; they are from the "Sciat 
tific American." 

a. " Connections of slide-valves. — The essential virtue in the me- 
chanical adjustment of a shde-valve is that it shall open and clow 
the ports at the proper time, and that it shall be steam tighi 
Other conaideratioHS present themselvea, such aa the proporidoin 
friction, &c, but we confine our discussion of this topic to i' 
connection between the stem and the valve itself A slide-val 
may be properly fitted to its bearing ; but by reason of a badlj 
designed or applied connection with the stum, it may be rendand 
inefficient. How many of our readers experienced ii ' 
ters are there who have not noticed that the sHde-valve is (oE 
tener than otherwise) worn, winding, or all on one side, whol 
there was no apparent reason for such disaster 1 The ( 
generally be attributed to the stem and its connection. Let H 
the ordinary plans in use for working a valve. If 1 
we shall find that the form generally employed is a aimp 
n which the stem is screwed, fitted into a pocket on tJ 
valve. This kind of connection is in use on some very lai^ a 
gines, and it is not at all to be commended The st^m wodii 
through the stutKng-box, has a very material vibration, and d 
^ Auy means, work in. a. straight line. The p ' ' " 
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no protection whatever against the evil, and the etem may devi- 
ate lueaetirably from travel in a true line, to the nianifeat injury 
and losa of economy in the engine. 

"The supposition is, that the nut being easily fitted, will give 
a little up and down, and let the valve work iairlj on its face. 
Such is not the rase, however; end the stiffer the valve stem is, 
the greater the evil. It constitutes a lever which works on the 
stuffing-box as a fulcrum, and prizes the valve up so much that it 
wears harder in one place than another. The pressure of the 
ateam is not eufficieut to overcome the strain eserted on the 
Talve stem by the several connections. Even when guides are 
provided, the same evil is not whoUy obviated ; as tliey are not 
always set in a direct line with the valve face. Another popular 
form of connecting a valve to its stem, is found in the sqnare 
yoke fitting completely about the upper part of the valve, and 
in some cases provided with a taU which runs through the hack 
end of the chest. The double stuffing-box is a good feature, as it 
insures a true linear movement of the valve stemj or, at least, 
I one more correct than is ordinarily obtained. But without this 
provision, the valve is even more liable to tilt than with the 
lingle nut; for the reason that the surfaces in contact are greater. 
^de-valves are also driven by a nut lying in the centre of the 
top through which the stem passes. This is perhaps the best 
Ibna of applying the stem for general use ; as it ensures a direct 
pull from the centre of the object moved, and does not create an 
undue twisting or straining of the valve itseU. Too often the 
&oe and seat of a valve seem to indicate a true suiface by their 
polished appearance; but upon exanunation by proper instru- 
ments it will be found that they are not so. The slide-valve, 
as a means of controlling the enez^ies of the rest of the ma- 
dunery, should be carefully and frequently examined, to see if it 
ia in perfect order, aa much loss results by its imperfect action. 
A leaky valve destroys not only its own face, but that of the 
eylinder also; and the latter is renewed only at an expenditure 
nF much time and labour." 

33, b. On Packing Metallic Beds. — " The rods about steam 
engines which work through vessels or charabeia containing steam 
' Oc liquids are fitted with glands and stuffing-boxes; in the latter 
packing is placed, and the gUud compresses it a^^aiissX 'Cti% 
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rod, 30 as to form a perfectly steam-tight and jet an easily- wotk- 
ing joint. All this ie well known to mechanics and engineers, l)Dt 
HO many plana for, and such e rroneous ideas prevail respecting tl* 
performance of this duty, that we have thought a little discussioir 
on the subject not inappropriate. 

" To judge from the number of scored, three-sided, bent, anil 
otherwise damaged piston and valve rods which we have » 
variooa times about steam engines, there would appear to be A 
neeeasity for some radical reform To insure ease of acUon and' 
economy of work, an engine should l>e very carefully packed, & 
the absorption of power ftam this source is enormo 

engine, and would scarcely he believed. We have bi ^ 

in charge of large low-pressure engines take a wrench 3 feet long 
in the handle, apparently made especially for the purpose, a 
heave down the nuts on the standing bolts with main force, werAf 
in order to check the escape of a small jet of steam. Such pc 
tices are reprehensible from the fact that the espenditure of to 
to accomplish the desired end is a proof that something ii 
either in the design of the engine or the execution of the dulJF 
tliscussed. Faulty design may be briefly alluded to; where p 
ton-rods issue through cyhndet heads, the bottom of the staffing 
box, which is bored to admit the rod, is often made too lug* 
there is too much clearance. No rule can be laid down for & 
e of the hole ; engineering common sense must tell when tt 
aperture is too large or too small; but from the first evil — 1( 
much clearance — many other evils spring. The packing is B 
posed to an unnecessary pressure of steam, which requires tl 
enormous tension obtained by a long wrench to prevent leakagw 
it b sooner destroyed by being burned out ; in consequence of til 
friction it necessitates a great expenditure of oil, absorbs powa 
' o liable to be drawn in during the down stroke of til 
piston, and thus cause thrums and ravellings to get under tb 
valves, or make dirt and grit in the cylindera Unequal eo« 
presaion of the packing gland, caused by reckless screwing don 
of the same, together with the use of improper substance^ sue 
aa old tarred rnpe, rough coir, or jute, also scant clearance in & 
cylinder head, and the absence of brass hushes in the some, il 
i of the scratched and damaged piston-rods previofflij 
£ Wh6U a gland is screwed up it aUould be ci 
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imaaured all round so as to insure perfect acciiracy. A ruin will 
not do; a pair of iusiile calipera should be employed, and the en- 
giueer should set the glaad as accurately as if he were about to 
re-bore it in the lathe; then it will be certainly right, and the 
j)iston-rod wiU be clean, bright, smooth, and true, as it should be. 

" A kind of packing in very general use is jute; this is a 
ye:y good subatanee when braided into an eight-strand, square 
liuket, and well slushed with tallow. Some men use a central 
tore of indiarubber, but this ts not necessary, in our opinion ; 
another kind used for packing small rods is a piece of square rub- 
ber, well overlaid with cotton larapwick; this kind has gone out 
of tiivour lately, probahSy from the high price of the materiaL Still 
uiotlieT sort is a compound of indiarubber and brass wire gauie, 
fot which a patent has been issued, and which is highly spoken 
Metallic packing has also been used in connection with email 

Is with some aucoesa ; indiarubber, in the form of several layers of 
canvas coated with it, rolled up hke a sausage, has also been em- 
ployed as packing, and is, as we can testily, a most excellent article. 

" It matters little what the nature of the material is so that it 
n *pft, close in testure, and uniform in quality, witliout knots or 
Jiird layers. Jute is very often full of grit, and should be washed 
before it is used ; care ought to be takeu to keep gaskets oft' the 
floor when they are being braided, otherwise the rod will he 
inatched by the dirt accumulated. If the bottom of the stuffing- 
is too lai^e. from wear or design, take two turns of lead pipe, 
or 8uch a length as will encircle the rod twice, draw a gasket 
tlmnigh the bore of it, and drive the pipe down about the rod 
with a wooden drift; no other material than wood should ever be 
need in packing an engine, even to the mallet which drives the 
picking home. The packing should be renewed as soon as it is 
worn oat, which can be told when the amount of pressure required 
by the nuts to preserve the joint is too great, and by leakagi!. 
When an engineer cannot screw down the gland on a 100-inch 
r-yliudi-T with a wrench 20 inches long in the handle, and by the 
force of one hand, or arm, there is some defect or fault that needs 
remedy, Of coni'se, far leas power is required when the rods are 
■mailer. Smooth and true rods and tight joints are the pride of 
wvery good engineer, and no pains should be spared to have 
B in such A condition." 
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34. la the ilesigning anil construction of st«aiii engineB, 
unneoassary to say that th e closest attention should be paid I 
paints connected with the valvea and valve gearing. Upoi 
proper setting of the valves, indeed, depends the economical n 
ing of the engine; not seldom, indeed, is defective yalvs wM 
be met with, the result of which is that a laige proportion d 
effective foroe of the steam ia lost, simply being passed thn 
the cylinders uselessly. A very capital paper, on " The v1 
and valve gearing of steam engines," was read lately befoi» 
"Institution of Engineers in Scotland" by Mr. W. IngliSjOfw 
the following is an abstract ; — " The valves jcenerally us6d,"'| 
Mr. Inglis, " for the distribution of steam in the steam engine , 
be divided into two classes, — viz., sliding valves and lifting raj 
To the latter class belong the double-beat balance valves. Aq 
the former may be classed all valves which open and clos^ 
porta by shding over the valve faces. 

" It is essentiaUy nec«saary in any arrangement of Talvea^ 
they should admit and release the steam to the cylinder fdl 
proper times, and that any escape of steam should be prer^ 
when the ports are closed. Another point of great important 
that the valves should be capable of being moved easUy, and| 
the amount of power required for working them shoidd be as 8) 
as possible. In the common arrangement of slide yalve^i 
pressure tending to press the valves to the &ce is always so g 
that a very considerable power is required to move them; ) 
notwithstanding that various means have been designed to lel 
the valves of this pressure, yet practically the difficulty CH 
only partially overcome. The friction caused by this ppa^j 
not only tenders the moving of the valves difhcult, and iaji 
rapid wear on the valve faces and connections, but, wbat ia^ 
haps more important, it limits to a great extent the size ofi 
ports in large engines. 

" In this paper the writer's principal object is to deswiw 
rangementa of double-beat valves and American Corlias ■« 
which he has designed for several steam engines. Both ^ 
systems of valves possess the important peculiarity of lequj 
much less power to work them than ordinary shde valves. Do^ 
beat valves can be so nearly balanced as to permit of their b| 
1 witli great ease, ajid in this respect, perhaps .c 
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snrpaaaed. One diaadvantage, however, which prevents their 
being adopted for quick-working engines, is that they are not 
at all suited for high speeds, on account of the noiae and con- 
cuBsion caused by the valves falling into their seats when worked 
quickly. The ayateni of valves known as Corliss valves consists 
of a series of cylindrical slides, which receive a rocking motion 
from central valve spindles, the spindles being worked by levers 
fitted on their ends. The valves are placed near the ends of 
the cylinder, each cylinder having two induction and two eduction 
valves. 

" As in the arrangement of double-beat valves, the steam and 
exhaust valves are separate j but in the Corliss system there are 
also separate ports or passages for the admission and eduction of 
the steam. Another peculiarity of the Corliss system is the 
method of giving a very quick motion to the valves when being 
opened or closed; but when the porta are nearly full open, the 
valves move very slowly, as they also do when the ports are 
closed. This ia usually accomplished by an arrangement of levers 
set on a central disc plate, and fitted in such positions that, when 
one steam valve is receiving its motion, and while the lever work- 
ing it is at its moat effective point for making the valve travel 
ijiiickly, the lever giving motion to the oppositti steam valve will 
be at or near its dead point, 

" The same relative motions are imparted to the exhaust- valves. 

The steam valves are opened against the resistance of springs. 

The valves can be made to cut off the steam at any point up to 

I half stroke by being liberated from the valve-rods, when they 

are instantly closed by the action of the springs. .... 

I " It is necessary, when the valves are of brass, that the con- 

I oection between the top and bottom discs should be of cast-iron, 

I otherwise, on account of the difference of expansion between brass 

L tad iron, the valves would not fit down on their seats when heated 

miff the steam. Double-beat valves, either of iron or brass, are 

HBtays more or less affected by the difference in the expansion 

^K&e valves and casing. The best way to ensure their being 

^Bbt is to grind them up in their places when the chests are 

^H|ited by steam. .... 

^H*" The engine was designed, by the writer for driving a paddla 
^BlDtw ba-ni^ feathering wheels, and was fftted witik I'hft vx^Bm^- 
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meut of Corliss valves. Being a beam engine, it was deaignbd 
aomewhat after the usual style of American en^nes — the frams 
of wrought-iron plates — and the valves and gearing are the only 
parts which differ materially from the usual arrangements. Thii 
engine waa constructed at Montreal, Canada, in 1861. 
engine the valves and passages for admitting steam to the cjrt 
inder are separate and distinct &om the eichausting valves u 
passages, the cylinder being provided with two steam valves u 
two exhaust valves. There is a hand wheel for regulating til 
point at which the steam valves are liberated from the rods u 
the steam cut off. The point at which steam will be cut off &0J11 
the cylinder can be varied in this way from about haltstnikl 
down to a point when no steam is admitted. At whatever potni 
the steam may he cut off, the eshaust valves open to the Mi 
extent of the port, their motion not being affected hy the doa 
of the steam valves. The cylinder of this engine is 60 inc! 
diameter x 8 feet stroke. The engine makes ahont 38 revdi 
tiona per minute with 40 Iha. steam, developing over l.flO 
indicated horse power. The steam ports are 50 inches x 
inches, and the exhaust ports SO inches x 6 inches. The b( 
being a river steamer requiring to stop frequently, it was neo 
sary that the engineer should be able to move the valves quicUj 
and have them fully under control for stopping, reversing, & 
So engine of such a lar^e size as this one had previously bof 
fitted with tliia system of valves; and it was expected that, I 
the valves were large, a man would be unable to work them w 
a starting bar. The writer, tlieretbre, designed a small cyhndei 
to be. worked by water from the boilers, for giving motion t 
valves when the eccentric-rod was disconnected; hut when tl 
engine was completed, it was found that, with a starting bar aba 
6 feet long inserted in tlie wrist-plate, one man was quite tM 
to move the valves; and this plan has been adhered to in p 
ference to the small cylinder. The valves are found to wear « 

remain tight, and give perfect satisfaction 

" In all cases where the power requited is variable, and wha 
a governor has to be used, it must be apparent that the mtt6 
of regulating the speed of the engine, by varying the point ' 
cnt-<^ is 6a superior to the method more usually adopted < 
JHg the ret^latinn by n tJiinttV-vnlvp. P.v bivi»ail»(f|" 
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of suppression under the control of tlm governor, the full beuutit 
dt espausioa is obtained at all times. 

"The Corliss volvea are particularly suited for horizontal l-ii- 
211169, on account of the facility afFonled for the escape of water 
tarn the cylinders. The exhaust-valves being situated at thu 
lowest point, tlie water escapes at once wlieu the ports are opened 
A eadi eide." 

35. In close connection witJi the suljuct discussed in la^t 
}iangraph is the arrangemont and construction of "link motion" 
tfaa making of which constitutes one of the finest pieces of Diechaoi- 
(■1 workshop labour. The foUowirig article bearing on it is from 
Hm "Scieatific American;" it is entitled — "Lmk Motion; The 
$ttalivf Froportioiis of Slide* arid Steavi Poiig" — Mr. Albert 
Aattm, of the Naval Engineering Corps, in a puper to the Frank- 
Hn Institute Jour>ial, has the following interesting information: — 

" The best way of finding the position of the link for iaterme- 
diale points of cutting off is as follows ; — When the engines are 
(etu|)and the valve-gear aJjusteti (the valve-chest cover being 
oBif practicable), turn the shaft until the cross-head arrives at 
the point desired Then move the link until the steam port is 
jiut closed, and mark the position of the catch on the guard, or 
' wluteTer other device may be adopted. Next, turn the shaft 
until the cross-head ia in a ootreapoudtng position on the ruturn 
tiroke; move the link until the port ia closed, and mark the 
pQwtion of the catch. Cut the notch midway between the marks 
an the guard, and proceed in the same manner for the other points 
Df cutting off. 

"The only remaining question is that of the exhaust lap, If 
the exhaust lap was equal to the steam lap, the exhaust port 
wuld be closed at the same time as the steam port, which would 
Uiue excessive cushioning. If, on the contrary, there was no 
(xliaust lap, tlie exliaust port would be open lung before the 
rteam port, and, consequently, before the piston had arrived at 
the end of its stroke. The loss due to this too early release of 
the steam Is more serious than that due to cushioning, for it is 
^ s loss of power; whereas the compressed vapour partially or 
wlioUy ^is the port and clearance, which would otherwise have 
h> be supplied with fresh steam from the boiler. In fiict, if the 
topftBsion wen carried down to the back proBSUc, ^usn "vov^ 
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I loss of economic efitsct by the custuoniDg, however exB» 
The best relative proportion wbich these two losaea should' 
bear to each other, is evidently that in which the sum of the two 
would be a minimam. Thia could be easily determined by mee 
of the differential calculus if the curve traced on the indiesl 
card by the escaping steam, and which is dependent on the pro- 
portion between the valve-opening and the cjhnder capacity, u 
the speed of the piston between the point of release and the ta 
of its stroke could he known, and if the compressed vapour &ik 
lowed Mariotte'a or any known law; hut as the exhausting our 
cannot be easily determined, and as the required conditjou H 
never fulfilled by the cushioning steam, accurate calculation it 
out of the question. It should be remembered, however, tiiat 
the valve should open long enough before the end of the stnk^ 
to allow the piston to commence its return stroke with the m 
mum vacuum, and that the cushioning is not perceptible oa tl 
indicator caiil until some time aiter the exhaust port is actuull 
closed, owing to the rapid condensation of the compressed vapoui 
and were it not for the atntospheric air mixed with the etetl 
in the cyhnder, the cushion curve would be much less thanJ 
is actually found to be, and a much earlier closing of the e: 
would he practicable. The problem is also affected by the ll 
solute amount of back pressure; hut it is found, from the il 
spection of a large number of indicator cards, that the most i 
factory diagrams are obtained when the exhaust lap ia a 
one-half the steam lap. 

" It is practically desirable to keep the stroke of thad 
small as possible, the steam ports should be made aa 
posEdble, the requisite area being made up by length. 

i resistance to the passage of the steam, but the-M 
c«n be slightly increased to compensate it. 

" As the steam is not required to enter the cylinder 
,3 it should leave it, the steam side of the valve should 01 
incover about three-fourths of the width of the port The a 
I hauBt side should always give the full opening, which it fl 
Kdo if the exhaust lap is properly proportioned to 

e opening of the port on the steam side of the valyi 
[ be used with the foregoing formulas. A goodfl 
^the aiea, in square inches, of the steam por^ ji 
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P'^ply the square of the diameter of the cylinder in iticLes by the 
Telocity of the piston in feet per minute, and divide hy 4,000. 

"It might also be observed tliat the length of the link from 
(entre to centre should be at least three times the stroke of the 
vahe, and that the best radiua for its centre line is the distance 
from the centre of the pin to the centre of the eccentiic." 

36. A vast deal has been both ■written and said on the subject of 
eipojiMOH of ateam, and less both of the one and the other might 
tuve been done, without munh lose to practical science, as the result 
of much of it has been simply " the darkening of counsel hy words." 
Bi6 article here following from the pages of the " Scientific 
American" on this subject will be interesting and suggestive. 

" We published last week a corrected table of the first approxi- 
nite results ohtained by Fairbaim and Tate in their experiments 
OQdertaken to determine the density of steam when formed at 
different temperatures, and on another page of .this number will 
ba found a more extended table of the final results from their 
repeated and careful observations. From the extreme delicacy 
of the apparatus employed and from the high reputation of the 
wperimentera, these results will be universally accepted ag en- 
llPBly reliable. If a cubic inch of water is placed in vacuo in 
a Teasel of 432 inches capacity, it wUl all be converted into steam 
at a temperature of 292'53° Fah., and the steam will exert a 
jirMSure against each square inch of the walls of the vessel equal 
tu 60'6 pounds. Again, if a cubic inch of water is placed in a 
vessel of 891 cubic inches capacity, it will all be evaporated at 
■ temperature of 245-23'', and the pressure will be 27'6 pounds 
per square inch. 

" Now the question is, if ws form steam at a higher pressure, 
«6 that a cubic inch of water will fill a vessel of 432 cubic inches, 
■ud allow this steam to expand to a volume of 891 cubic inches, 
what will be the pressure 1 There is no doubt that if we bring 
tho fluid to the temperatui'c of satiu^ted steam at this relative 
volume, 24S'23° we shall have the corresponding pressure of 
27"6 pounds per square inch. 

" But the question is, what icill be the temperature and frnssure 
if the ateam u allowed to expand loith -onli/ the heat that it cm- 
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of expansion. But there are difficulties in the way of determin- 
ing the point which would seem to be insurmountable. They 
baffle the genius of Eegnault, and have not been overcome bj 
any other experimenter. If the attempt is made to mecLsuit the 
tempeT&taxQ and pressure of the expanded steam, it is neeessuT 
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iiBonfine the steam in a close vatise], and then it is impossible 
iprevent it from eitlier absorbing heat from the walls of the 
impai'tiiig heat to them. 
'No practical mode having been discovered o£ measuring the 
I pnasure of expanded steam, varioue attempts have been made to 
«mve at it by reasoning from facts that can be observed Reg- 
nanlt ascertained that water in being changed into steam at the 
atmospheric pressure, or at a temperature of 213°, ahaoiba and 
nnders latent 966"6° of heat, while in being evaporated at 339' it 
ibsorbs 877'3°. If we take a pound of water each degree will 
represent a unit, and we have, 

Units of Intent heat. Total huat. 
1 pQund of steam at 212° 968*6 IITS'S 

1 poimdofsWainBtasr 877'3 12I6'S 



"Steam at a temperature of 339° exerts a pressure of about 
101 pounds per inch, and at 212° of about 15 pounds per inch. 
Abb pound of steam at 339° contains 38'3 units of heat more 
than a pound at 212°, we should suppose that in allowing it to 
Mpand down to 15 pounds' pressure, we should have not only 
Bofficient heat to keep it all in a state of vapour, but a surplus of 
S8'2 units, so that the steam would be superheated, and its 
pressure would be more than 15 pounds to the inch; provided 
always that no heat is conaumed in the performance of work. 

"Ifiherwood, in his Engineering Precedents, Vol XI., argues 
that instead of being superheated, a portion of the steam would 
bo condensed. He saya the oondBiiaatioii ' results from thp fact. 
that although the total heat of steam of higher pressure is greater 
than the total heat of steam of lower pressure, yet as the latent 
beat of the latter increases in a much higher ratio than its total 
heat diminishes, and as this increase in the latent heat is at the 
expense of the sensihie heat, it becomes a cooling process, and 
produces the condensation stated' In a later work, Experi- 
Dental Researches in Steam Engineering, Mr. Isherwood argues 
the point at much greater length, and comes to the same con- 
cloeioQ. 

"Though we have the greatest respect for Mr. laherwood'a 
e^e^ily ia ^ueatioiis relating tio IW cix^msi^ f:^ 
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steam, we are unable to see how the inference in this case follk)<n 
from the premises. Though the temperature of the steam wiiuW 
he reduced, yet as the boiling point would be redaced by the 
diminution of the pressure stLll more, we cannot understand whj> 
there should be any condensation. 

" Tyndal, on the other hand, argues that expansion where m 
work, ia done is not a conling process, believing this to be da 
mouatrated by an experiment of Guy Lusac'a. Two aii 
vessels were connected by a pipe which had a stop-cock i 
middle. One vessel was filled with compressed air, and the othei 
was exhausted. On opening the stop-cock and allowii^ t' 
compressed air to expand eo as to fill both vessels, the tempraai 
ture was reduced in the vessels from which the air passed, bnt ib 
was raised to precisely the same extent in the other vessels j 
that on the restoration of the equilibrium do change of temperfr: 
ture had resulted from expansion. 

" If this law applies to steam, on expanding a potmd of a 
formed at 339° to the volume of a pound formed at 21S*, il 
would be superheated not merely by the addition of 3 8 '2 unitf 
but to the temperature of 339°, and it would have a corteapOTdj 
ing pressure. 

" Professor William John Macquorn Kankiiie, in his 1 
work on the steam engine, seems to consider the varying p 
in the cylinder of a steam eogine as measured by the indl 
the best data yet obtained for determining the law of exp( 
Profesaoc Eankine would probably appreciate more fully thaa K 
other person the entire unsuilableness of a steam cylinder U ■ 
instrument for meosuring the diminishing pressure of expo 
steam. The very frequent exposure of the interior of the cylind 
to a temperature far below that of the steam, would not man 
modify the pressure, it would so completely change it as to uth 
destroy the value of this apparatus as an instrument for a. 
this meRSureraent. 

" The theory of expansion in its present condition seems to I 
merely a collection of conflicting speculations." 

37. The Locomotive engine is qaestionless the finest ea 
lioation which modem engineering has yet afforded of a w 
' il concentration of great power in small space, of the finest adi^ 

n of mechanical means to a desired emi li^ intLeud, ws « 
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what the power expressed in one o£ our best locomofcivea is, the 
cirunmstances under which it ia called upon to do its work, fre- 
qoeotly, indeed, we may say usually, adverse to that regular work- 
ing which is the hest guarantee of safety and economy for engiues 
of the stationary class, it is difficult to oyer- estimate either the 
soentific geniua which has conceived, or the mechanical i^kill 
which has realized, the fine adjustment of parts, their arrangi;- 
Blent, and the close adaptation of meclianical appliances best cal- 
calsted to give out the effect desiderated which a locomotive of tlie 
Hist claaa exemplifies. We take it, in fact, as pretty well estab- 
lished, that a locomotive belongs to the highest clase of mechanical 
ongineeriiig, and that a professional man, thoroughly up to ull 
Uie points of construction, as well aa those of the management of 
a locomotive, is competent to undertake the design and the exe- 
eation of almost any other class or kind of engineering work. It 
is not surprising, therefore, to find, as we do find, that to a cer- 
tsiti clas^ of the finest mechanical mind, the locomotive, and all 
connected with it, possesses a degree of fascination which prompts 
them to give to its development all the powers of their scientific 
genius, and all the I'eaults of their mechanical skilL Hence is 
ta he traced the astonishing progress which has of late been wit- 
nessed in this department of engineering — a progress as remark- 
able in its social as it ia ia its engineering featurea. But it is 
ever the prerogative of true genius to doubt of perfection having 
been attained, and ever its privilege to push forward to " fresh 
Adds and pastures new." Much, therefore, as has been done in 
biiiiging the locomotive to its present high condition of efficiency, 
nacb remsiuH yet to be done to bring it to a higher ; and this truth, 
bdieved in by many of our leading men, is urging them to still 
greater efforts in the march of improvament. In what direction these 
sSbrta are being made the following papers of the year will best 
liKyw. The first of them is from the " Engineer," and is entitled 
38. The Motion of Locomotive Engines. — " The nature of 
the advancing or receding motion of a locomotive engine upon 
the rails is less simple than at first sight appears. It is custo- 
KOiy to regard the motions of a locomotive engine exactly as if 
it were fixed, and turned its wheels upon a definite centre. But 
liowever the respective results may correspond, the action of the 
1 of engines requires a different mode oi vufBat^^aSvOTi. 
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So far as tbR transmiBaion of the steam pressure ou tlie pistonfl 
in concemecl, tbe Jriving wheels, if acted on by no other foE^fl 
thai^ that transmitted through the connectiDg-rod, and althon^l 
the engine was in forward gear, would be rolled backward wbsfl 
the crank waa below the axis, and drawn forward only while ItJ 
piaton was moving away from the axle. K the axle were ^efl 
to move horizontally in the axle guards, it would thus visit^M 
move from one aide to the other at each half revolution, an^| 
although the effect is unseen, the pressure within the axle boxtfl 
does thus act alternately in opposite directions at each revolutioiM 
I^ again, the connecting-rods, instead of acting upon crank-jnnfl 
within the engine, exerted their forc« against immovable poiuwa 
external to it, the whole ho<iy of the engine would be pregsid' 1 
forward on one stroke, and backward on the other, and, is eadb{l 
case, with the ftill pressure acting upon the front and back c^ill« 
iler covera respectively. " ^t 

" The driving wheel may be, and, indeed, must be, couaideid^l 
as a lever, the fulcrum of whidi is on the tail. In order to ^t^M 
with exact quantities, let us suppose the diameter of the ii^H^H 
to be C feet, and the length of stroke 2 feet When, in forwuil 
gear, the crank-pin is below the axle, the whole pressure of tto-l 
steam, transmitted from the piston, will be first exerted upon, t^fl 
erank, aud thus upon the axle, tending to press it backward, vi^H 
a fi>rce inTersply as its distance, compared with that of the c^U^I 
from the ralL In this case the crank is two feet from the i*<H 
(the common fulcrum of progressive motion), and the axleia.^H 
feet. Thus, the axle will be pressed backward with a fone I^M 
3 : 3, or two-thirds that upon tlie piston. Were the wheeloth^^J 
wise disconnected from the engine, it would at first l^^^^f 
bodily backwards, and with the force first estimated. J|^^^^^| 
embraced by the axle boxes, the axle is acted npon ^S^^^^^l 
the whole forward pressui'e of the steam upon the froi^^^^^^| 
cover, and thus the wheel miLst move forward with a ^^^^^^| 
to the difference of the two already considered. It l^^^^^^l 
to say that it will be moved forward with a force of ^^^^^^^| 
i that acting upon the piaton. We may now look oi I^^^^^H 
I when placed above the axle^ the position in which it ia^^^^^H 
uttUy aupposod, by those fresh in the matter, that the ^^^g^^^^^l 
^nxu^ with greatest force. Still, considering the m^^^^^I 
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(nlcmm, and tlie engine in forward gear, the pressure exerted upon 
i flw (liston tenda to draw the axle forward with a force as much 
jMater than that apon the crnnk-pin as the latter is further ahove 
I the Tail than the axle. In this case the force at the axle is to 
I that at the crank-pin as 4:3, or one-third greater than that at 
I 4e crank. But from this is to be deducted the full backward 
e against the back cover, lea"ving the nett progressive force 
iBrthird of the pressure upon the piston, or exactly the same aa 
I the erank waa below the asle. We have hero considered 
tone of the two pistons, but the mode of action is necessarily 
■ISanie for both, and it is easy to allow for their alternate effect. 
It sot, of course, to he supposed that the constant progressive 
i, in the particular case assumed, will be one-third of the full 
fl upon the piston. This is only the case when the crank 
k right angles, or nearly so, to the centre line (or prolonged 
if the piston-rod), and when, therefore, it is acting with its 
When the crank is in the same line as the piston- 
e engine receives no progressive force, as the opposite and 
B presBuies upon the piston and cylinder head are transmitted 
p Uie same leverage to the axle. With a driving wheel of a 
sr eqoal to three times the length of the stroke, as in the 
talready supposed, the mean progressive force of the engine 
p.'^iweapective of friction) be os much less than one-third the 
1 the piston as twice the length of the stroke is less 
I the circumference of the circle described by the centre of 
le crank-pin. This circumference is necessarily 1'570795 times 
r the length of the double stroke, and as the piston only acquires 
J the full velocity of the crank-pin at two points in each revolu- 
' Hon, the highest speed of the piston will be, say, 1-67 times its 
meftn speed. Thus, with our 6-feet wheel and 2-feet stroke, at 
I BO miles an hour, the mean velocity of tlie piston would be 
I 1,120 feet per minute, its range of velocity at each stroke being 
I 6om nothingtol,i30x 1-570795 =l,760feetperminute. This 
consideration is often overlooked by those who treat of the infln- 
BiGQ and practicability of high piston speed, the latter being al- 
most invariably taken at its mean rate over the whole stroke, 
whereas its maximum rate, near the middle of the stroke, is always 
gteater than the mean rate, in the pmportion of 22 to 14 nearly. 
~~ ^awiouua raia of motion may be directly infant^ Itcntv '2a.>& 
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ratio uf the half circumference to the diameter of the crank-pil 
path, or, in the case of a locomotive engine, it may \ 
directly from the wheel, eoneidored as a lerer turning on 
With the C-fiiet wheel and 1-foot crank, at 60 miles an hout^ tj 
crank, when exactly ahove the axle, will be moving through spat 
at the wte of ^5380 feet per minnte, or 1,760 feet i 
fsBter than the axlo, while, when the crank is exactly below ti 
axle, it will he moving through epaee with a velocity of ^538i 
or 1,760 feet per minute less than that of the axle- — ^in eithei ca 
with a velocity of 1,760 feet per minute, as referred to a 
in fixed hearings. 

" By this mode of investigating the motion of locomotive a 
gines, the action of connterweights may he better nnderetood ti 
when referred, as is usual, to wheels revolving in fixed Ix 
ings. The practical efiect is undoubtedly the same, but it is n( 
30 easy to understand the effect of counterweight in a Kiln 
wheel, except it be treated as a lever turning at one end upon tl 
raii The difficulty is, apparently, increased by a very b' 
experiment. To a wheel with a rim of uniform section, and li 
ready in perfect balance, apply a heavy counterweight at o: 
and just within the rim. Flace this wheel upon a level 8 
and with the weight at the bottom. It ia then easy to rock tl 
wheel to and fro. But if the counterweight be turned to the b 
the effort necessary for rolling wi!l then be unmistakably g 
N'ow, one ia at first tempted to argue that, as the same weij 
had comparatively Httle momentum while at the bottom of ti 
wheel, but a comparatively great momentum when placed at ti 
top, therefore equal weights at opposite points in the 
properly balance each other. Nor, indeed, if the wheel 1 
rolled forward simply as a hoop, without connection with a a 
riage, could the opposite weights baJance each other, and, if hi 
they would cause visible irregularity of onward motion, 
n as the wheel is connected by its axle to an engine 1 
L which the power fur rolling it is exerted, the onward motioab 
B regular. Taking the 6-feet wheel and l-foot crank at i 
I an hour, the crank-pin, when below the axle, will be in 
Itiirough space (or with reference to the surface of the g 
ftlwiieath the rails) at a rate of 1,760 feet per minute last 
a aide. So iar as the ' momentum of the reciproi 
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parte ' is here coaconied, the axle may be considered as forcing 
its way forward in opposition to their inertia. The virtuaL effect 
is to hold the engine back with a force equal to the momentuiti 
of the reciprocating parts acting tbrough the leverage of the cranks 
at the aanae effective Telocity npon a wheel turning within fixed 
bBaringa, Wlien the ciank rises above the axle, the wheel will 
be ftccelcrated in the same ratio by the momentum in question, 
&dA bs the crank on opposite Bidea of the axle is capable of pro- 
ducing opposite and equal effects, it necessarily follows that, so 
&r as the fore and aft motion is coucemed, a counterweight, ex- 
acUy balancing the weight of the reciprocating parts when at rest, 
will enenre the steady onward progress of tbe engine. This is 
itreBpoctive of the centrifugal force which the counterweight es- 
pends upon the rail, and which is so deatmctive to tyrea. 

" The manner, however, in which the reciprocating parts com- 
municate their momentum to the mass of the engine has yet to 
1*8 considered. In the first half of each atroke the velocity of the 
piston is constantly increasing, and in the last half as constantly 
diminishing. Now, while the speed of the piston is being ac- 
oalerated, it is clear that it cannot, through any momentum of its 
own, move the wheel faster than it is already moving under the 
influence of the steam alone, and hence can cause no jerk in either 
direction. No expenditure of the momentum of the reciprocating 
parts can coniinence until they have attained their maximum ve- 
locity, which is r5r times their mean velocity, and which time 
ptacticaliy corresponds to half stroke of the piston. It is then, 
if at all, that any diatnrbance due to unbalanced momentum must 
oOmmence. But it must not be forgotten, that as the reciprocating 
pctrte, by their inertia, oppose a certain resistance to motion, the 
Bteam, in this case, is meanwhile acting upon the cylinder cover 
to push the engine bodily backward. If we can suppose a piston, 
toia, &c., of 50 tons weight, while that of the other parts of the 
QDgine was hut 35 tons, it is clear tliat, before the former could 
ba got into motion, the ' engine ' would be pushed bodily back- 
mrd when taking steam nnder the back cylinder cover, or bodily 
f[irward when taking steam under the front cover. On the last 
half of each stroke, the momentum of the redprocatiuj^ parts is 
wq^ended upon the engine in addition to any consideration of the 
a upoa either the piston or cylinder cover. leaA ot c»^&- 
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I both, may improTe the vorking of the engine by aoM 
ticipating the effect of diam-etrical play in the axle brasses t&afl 
but neither lead nor conipreesion oau remove the influence of thfl 
unbalanced tnonientuni of the piston-rods, &c While the rekM 
city of the piston is increasing, from the hp.ginning of the sttohal 
to raid-atroke, the cylinder coTer pressure will have the advantt^ 1 
over the piston pressure, while, during the last half of the stroke, I 
the piston will have the advantage over the cylinder cover. HhH 
maximum velocity of the piatnn in express engines is often )i|^| 
wards of SO feet per second, the mean speed bein^ say, 800 f^H 
per minute, and it should be home in mind that, at this velixa^l 
the foree stored np in the piston and its appendages would alo^H 
raise them vertically 6 feet 3 inches in the air, a force necessaii^H 
equal to what would be espeoded on their strikuig an anvii aft^f 
falling &om that height. Th« conclusion la that proper coimtc^H 
weights^ properly placed, are indispensable to the steadiness ^M 
locomotives." ^M 

39, The rapid development of the railway system has caned^l 
districts to be provided with all its advantages, ivliich, in th^B 
early days of its history, would have been considered quite lie- | 
yond the reach of its influence, and this chiefly through tlie ea I 
gineering difficulties involved by the local peculiarities of tb^| 
district, or through the heavy cost which the main system of ooi^| 
struction involved. N'ow, however, such districts are "marked ool^H 
or being "marked out," andgiadients which would have been 0^^| 
aidered, if not impossible, yet any thing but economical in vcn^H 
ing, are being met, and met successfully, in practice. The wn^H 
ing of the very etaep gradients or tncUneg which are now oftt^H 
met with, has involved the necessity of introducing englDea Bp^l 
cially adapted for the heavy work they have to perform. Iti^J 
probably on the continent that most has been done in this in|^| 
and in connection with it the following paper, which was nadft^H 
M. Combes at the Academy of Sciences, will be nsd^^^H 
interest. 9^^^^l 

L "Mons. Siguier recently introduced to the notice of ij^^^^^| 
L demy experiments, now making in England, of a new UmI^^^I 
KDomotive engine, for use on steeply inclined railway lisea, d^^^| 
ft- "Instead of deriving the necessary adhesion, as in the goBM^^| 
hl^ad BfBtem, from the friction of the driving wheels tkt^^^^ 
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engine derives it from a pair of horizontal wheels, pressing be- 
tween them CL third central rail, placed between them like an 
iron bar between two iflllera, with "the difference that here the 
bar remains Btill, and the roller receives the motion. 

" The pressure of the wheels against this rail is regulated by a 
■ort of pincers, the arms of which are drawn near to one another 
by the traction force exerted on the trains, ao that the pressure 
OD the rail and the consequent friction, the source of adhesion 
would always be sufficient, and naver more than necesaary, to 
prevent the slipping and to propel the train. 

"This system is, on first sight, as attractive as ingenious. 
There is no doubt, however, that its execution must involve se- 
nona difficulties, though, perhaps, not more than are common to 
sU mechanical conceptions. 

" This important question of the construction of locomotives 
available for steep ascents and sharp curves is susceptible of 
eeveral solutions. It has for a long time received the attention 
(rf^engineers engaged in traffic raUwaya; but they have never 
Bonsetited to abandon the old principle. 

"The opening of the Soemmering railway, and of the line 
&om. Genoa to Turin, crossing the Ajipenines, and other instances 
which might be cited, show that their efforts have not been uii- 
Jbiiitful. The company of the Northern of France railway, at 
.the suggestion of M. Petiet, directing engineer of the works, 
bxve entered actively into this line of experiment. 
I *' They have constructed ten locomotives of great power, the 
vbole weight of which is employed for adhesion, which can run 
m cnrves 80 metres only in radius, and which are suitable equally 
fcr drawing heavy .goods trains on a level or gently-sloping in- 
line line, and for drawing lighter trains on steep inclines. 
j " These engines have four cylinders and six axles, coupled in 
two groups of three, each commanded by a pair of cylinders. 
Xhe wheels are small, having a diameter of I'OeSm., so that the 
ifire-hos of the boiler overhangs them, allowing 3'33 square 
'metres of fire-grate. The total heating surface is 231 square 
iMetreSi and surpasses in extent that of the most powerful engines 
lutheTto constructed, In working trim this engine carries 8,000 
cammes of water, and 2,200 kilogrammea of fuel Its total 
"a than neatly 60,000 kiloB., equally diatri.fcM.tei'M'^titi.'Ocia 
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aix aides and twelve ivlieeia, each one of which presaea upon tl 
rail with a weight of 5,000 kilos. The distance of the eztremi 
axles, i. e., the wheol-baae, is 6 metres. To facilitate vorkhig fi 
small curves the following appliances have been made;- 

" The flanges of those wheels fixed to the two intermediate 
driving axles of each group are reduced in thickness. The fon* 
other axles have a longitndinal play of 46 miUimetrea, and the two 
extreme axles of each group are bound ti^ther by a horiEontaT 
beam turning round an axis iln the plumb line of the int 
diate axle, which obliges one to move in a longitudinal line, Id 
or right, just as the one to which it is connected does, and v\i 
versa. Thus the proper position of the wheels on the rails is fir 
cilitated, although the axles are always kept parallel, 

"The railway from Chaunay to Saint Gobain, 14,fi00 I 
iif Hne, presents, in the first place, starting from Chaunay, a 
and descents of 1 8 milUmetires, and curves of a minimum ntdiv 
of 275 metres. At St. Goboin, it terminates by an incline of II 
millimetres, and curves of 220 m. radius. The St. Gobain li 
nua itself consists of two contrary sweeps of 125 m. radius ini 
line of 200 m. The line runs on into the glass manufactures, ai 
forms a complete semi-circle of 80 m. radius and 
25 millimetres. 

" During eight days the above-described engine did all the woti 
of this line from Chaunay to St. Gobain, and ran, in the 80 n 
curve, as easily as the four-coupled axle locomotives formerly ii 
use there. The following oro the data and the result of the e 
periment of January 21st last: — 

" The train to be drawn waa composed of twenty-one v 
vans, coal-wt^ona, and passenger carriages, weighing altogeth 
267,000 kilogrammes. The speed of progress of the trifJ t 
was noted at every hectometric post on the 1 8 miUimetrix; aw 
The first 1,200 metres were tun at an average speed of 20 kilo 
[lor hour. Towards the twelfth kilometric post, the engine wheJ 
slipped and glided on the raUs; adhesion waa at its last I" 
Yet there was no complete stoppage, hut the average speed, o»l 
a course of 800 metres, waa only 8*3 kilos, an hour, and then 
im speed as low aa r43 metre a second, or 5*16 kiloa. i 

Subsequently the ti»,ia resumed a speed of 20 k 
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and ran the remaining 1,100 metres to tLe atation, wliicli include 
some slight curves, at a rate of 17 kiloa Arrived at the St. Go- 
hian station, the engine placed itself at the end of a small waggon 
train, and paslied it into the works, over the 80 metre curve, on 
a 25 millimetric incline. At the end of this curve, the waggon 
brakes heing jammed, the engine waa made to execute several 
manceavres on the spot, backing and advancing, without damage 
to any part, and without any appearance of Btrain. 

"This trial demonstrates that this new locomotive, with four 
cylinders and six asles, coupled in gronps of three, and furnished 
with beams, after Beugniot's system, can run in sharp corves ; 
that its highest power of adhesion, even in an unfavourable con- 
dition of the rails (as was the case in our eiiperiment), is nearly 
sqaal to -^q^ of the total weight of the engine, and Ijalancea a re- 
aatance of about 7,300 kilog. Lastly, that the engine which has 
drawn up an 1 8 millimetric incline a train 267 tons gross weight, 
could also drag a train of 100 tons gross weight, independently of 
ilaownwoight,at the speed of 17 to 20 kilos, an hour, on an incline 
of 40 millimetres, with curves of a minimum radius of 250 metres." 
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DIVISION THIRD. 

3TE4M FIEK-EHGINES. 

40. Wlien we consider the vast interests involved in the pre- 
servation from the ravages of fire of tile property of the inhahitantR 
«f oar large towns, it is easy to understand the importance of all 
Means tending certainly and economically to ensure this. And if 
iiiia is 80 taken on the lowest grounds relating to the wealth, how 
nmch more important an aspect does the subject assume when 
we consider it in relation to the Uvea of our town inhabi- 
tants. While having to congratulate ourselves on that increase of 
efficiency in all the details of what are called " Our Fire-engine 
' Sitablishments," whichthe last few years have witnessed — an 
efficiency which is fast bringing noarer to the highest standard 
of perfection those measures which are taken to subdue fires which 
l>reak out, or to prevent them spreading over large areas — we have 
liavertheless no great reason — H indeeil, any— ' 
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aelvea upon an increase ia the number or the valua of those app^ 
aiices which teed best to prevent the bieakingout of iiresin ourvi 
lioua etructureB, domeatic or otherwise. Indeed, when n 
mode in which, from day to day, houses of all classes are " run lipl 
the recklessness with which inflammable materials are used in tl 
cooBtruction, and, not only so, but the placing; of these in the bestn 
way calculated to ensure the rapid spread of fire if it once gets liold I 

of any portion, the wonder is, not that houses are saved from ts 

destruction, but that, when once on lire, the fire can el 
be got under. And that, under such circumstances so iiiToaiat 
to the extremely rapid deyelopnient of fii'e, fire ia so fre(jnBnl 
mastered, is the best evidence of the high state of efiScieocy ii 
which not only our fire establishmenta have been placed, but- 
that of the machines, without which ail other organization n 
be hut comparatively inoperative. Indeed, when we take as tyj 
the two forms of fire-enginas the "old parish" and the i 
recent form of " steam fire-engine," we liave reason 
Iflte ourselves on the fitct that our mechanicians, if they bsto 
as doubtless they have — neglected for some time this l»aiuli 
engineering, are atoning ampty for it by the fine work with n 
they are now enriching it. Before giving these papers on I 
subject of fire-engines, it will be an appropriate, as it is a otd' 
introduction to them, to present the following report on — 

41, ITieJires ofLondoti in 1863, "which was issued in theM 
part of 1864 by Captain Eyie M. Shaw to the CommittMi 
Managing the London Fire-engine Establishment : — 

"The total number of ca.lls received during the year I86 
has been 1,624. Of these HI were false alai-ma, 139 provedl 
be only chimney alarms, and 1,404 were firea, of which 39 I 
suited in total destruction of buildings, &c., 310 in aei" 
and 1,055 in slight damage. 

"'J-'lie fires of 1863, compared with those of 1862, ahow 
increase of 101, and, compared with the average of the previa 
30 years, the increase is 562. 

" I have appended several classifieit tables, with particulaa 
trade, causes, &c., &c. 

" These lists do not comprise tiifling damages by firea not R 
ciently important to require the attendance of firemen; n^ 
do tUcy include the ordinary calls for chimneys on f 
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" The totally destroyed list — 39 — tiompared with that of 1862, 
shows an iiicrenaa in number of 6 ; but, tdmpared with the 
average proportion of the previous thirty years, there is a ile- 
CToasB ui 9. 

" Of the buildinga destroyed, 4 were over 2 miles from the 
nearest station; 7 OTer 3 miles; I over 5; 2 over 6; 2 over 
7; 1 orer 8; 1 over 11; mid 1 over 12 miles; 3 were lost 
fat want of water; and 1 fell down before the fire could be ex- 
tioguished. Of the 39, 18 were ron^pletcly alight, and 17 others 
burned down before the arrival of the engines. Although this 
list is numerically in excess of that of lost year, a very slight 
nderance to it will show not only that in point of value the losses 
&ra for the most part trifling, but that the generality of the places 
destroyed are of that class which, when once on fire, can very 
mely be saved by any exertions on the part of a Fire Brigade. 

" During the past year the telegraph has been extended from 
the foremen's atationa to those in their respective districts, thus 
completing the communication throughout the establishment from 
the chief station, in which I reside, to those most remote, in 
iBalcliff, Baker-street, Westminster, and Rotherhithe respectively. 
' 5Qie system which I have adopted is of the simplest possible kind. 

"From Watling-atreet I ordinarily communicate only with the 
ibremen, and, through them, with the stationa in their respec- 
'■ ^ve districts, but, by a simple contrivance, I can at any moment 
In placed in direct communication with any station, thus avoiding 
tito delay caused by repeating messages at an intermediate point. 

"I have adopted thia mode not only in order to be able to 
jiaolleot the necessary force of men and engines at any given spot 
in the shortest possible time according to my requirements at the 
moment, but also for the purpose of avoiding the errors inseparable 
Ironi a system of mere alarms as used in America, by which the 
1 whole force of a fire-brigade is liable to be constantly turned 
' ottt for matters of very little consequence, it being an invariable 
rale that the importance of every lire is 'greatly exaggerated by 
I momentary panic in the vicinity. 

"The saving thus eSected in the time and labour of the men, 

~ mpared with the old system of running with ' calls ' and 
' from station to station, is, in itself, a great addition to 
pliable strength of the establishment, and t\ia\. ^t tob "^kfj 
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tirao when the services of skilled firemen are most needed ; whUs 
the advantage of rapidly trananiitting the culls, and thus ennonjU 
the early arrival of men and engines at fires, is incalculable ; I ~ 
sides which, I am now enabled to issne orders and conduct almi 
the whole of the duties of the estahlishraeot by this means in ■ 
much quicker and more satisfactory manner than formerly. 

" The land steam engines continue to I'ender valuable aid at a 
fires, large and emalL These machines have been considersbl 
improved during the past year, and are now adapted to thw 
jets of every size, from a quarter of an inch to an inch and a ' 
It is a remarkable fact, which ought to be noticed ij 
with the subject of land steamers, that some of their beet st 
vices have been at those fires which have resulted in total d 
struction of the premises which lirst took light, and, althoof 
they have been only about two years in operation, manyiu 
can already be cited in which the property actually at liak ai 
saved by their means has been, in point of value, upwards of i 
thousand per cent, in excess cf that destroyed 

'' The recent addition of three land steam fire-engines, t 
on hire, has proved a most important accession to the strength d 
the establishment. 

■'The upper floating steam fire-engine is in excellent v 
order, hut the lower floating engine is at present laid up, pendii 
your final decision as to the improvements to be made in hi 
These engines are absolutely necessary for the protection of tl 
enormous waterside property of the metropohs, and T most lespw 
fully recommend that the qnestion of the lower floating engia 
should occupy your earnest attention at an early date. 

" I ought to mention that, notwithstanding the number of Gi 
wholly uupaiaUeled either here or elsewhere, the laboura of ■ 
ranks in the establishment, however severe, have, sin 
of steam and telegraphic communication, become decidedly li 
arduous than in former years, when the number of Area was le 

"The new station in Eishopsgate-street, which, in conaequeB 

of the espiration of the lease of that in Jeffrey 's-sciuan, the M 

L nittee found it necessary to obtain in September last, has la 

I completed, and its prominent sitaation, in one of the lesdli 

I tiiorough fares, proves a great advantage in obtaining early td 
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irithstanding the greatly increased number of fires, the liat 
isnalties foi 1663 is five less than that of the previoiia year: 
I have received ftoia the surgeon of the establishment a de- 
d report, from which the following is an extract: — 
'By the accompanying paper you will perceive that there have 
I 86 cases of ilhieas, totally incapacitating the men from duty, 
oat 98 casea for the year 1862, but, although less in number, 
jret to say more severe in character. Of the total number, 
lave arisen from accident, and several of a very severe form, 
onstrating the hazardous nature of the employment. 
'I have carefully noted the number of daya that each man 
been away fmm duty on account of sickness, and find the 
^e per day from accident to be 2^ men, and from general 
as 2|, being a total loss of 5 men per day to the estah- 
nent throughout the year, and also that each man in the force 
id up 124 days. This is an average greater than we should 
let to find in any other employmeut, but it is entirely owing 
le severe nature of some of the accidents. 
'At the present time I am happy to say the general state 
ealth amongat the men is remarkably good, and, independently 
lose suffering from the effects of accidents, iva have no case 

a the slightest uneasiness. 

^ the close of another year I have to congratulate you upon 

■ case having occurred.' 



1 



Accidcnta. 


No. 
ofcuea. 




Burns, .... 

Cats and lacerated wgunda, 

Fractured tidvia, tnujtured shoulder joiul 
&victnred riba, 
1 InjarieB to back, 
1 Laoarated urethra, 
I Punctured wounda, 
1 Sprains and injuries to jointB, 


)- 


1 

1 
7 




Total nuuiber of casBB, 




33 


\ 
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" In addition to these aooiJenla there have bee 
ordinary sicknesB, laaking a total of 66 cases during the year, 

" The whole of the enginea and tither appliances at present il 
use have been carefully attended to, and are in thoroughly gooj 
working order. 

" At the close of another year it has again become my pleasini 
duty to bear testimony to the general efficiency and escellen 
conduct of all ranks of the establishment, and to state my i 
sincere belief that the steadiness, unanimity, fearlessness, and a 
with which they devote themselves to the ardnons duties of thd 
profession, fully entitle them to that confidence and liberality c 
which they receive such numerous instances at your hands. 

" la conclusion, I beg to express my most sincere gratitude fii 
the sympathy and support which I have received from you, ii 
dividually and collectively, at all times, but more especially % 
the occasion of my recent accident ; and at the same time I b 
to assure you that no exertion shall he wanting on my pattt 
merit a continuance of your confidence," 

Among the tables appended to Captain Shaw's report tlie ; 
lowing are of interest: — 

CAUSES OF FIRES IN 1863, 



Airing linen, . 






*] 


Dog. . 


.\spli3tfl boiling over 








Donbtful, 


UJeacliiDg nuts, 








Drying fibre, 


ItoUer, overheat of, 










„ nxploaioQ of, 








„ ", .j'"^„ ■ , ■ 


Hrazier'fl lire, , 










lluming rabbisli. 








Fat tbrowD on fire. 


„ straw. 








Fireplace, defect in. 










, , blocked up, . 


white fire, 








Fiah falling on iirc, 


f/nndlB, 






227 


Flue, heat from, ! 


Casa of fusees falling, 








„ defect in, 3 


Chair falling on iice. 








„ blocked uii. 


Charcoal fire, . 








„ fonl, n 


Chicory cylindar, overheat 


uf. 






Children playing with 


lite, 




16 






fireworks 




„ defect in, . 1 




lueifei'8. 


22 


„ blocked up, 1 


Clothes Bom'i'ng in co 


ntaot 


»it 




„ foul, 


fiw. 










Copper fir.. . 








Fluii furnace, heat from. 


^|^#MenwoaI, 








„ ,. defeat ia, ^ 






„ ujJoaion cuDsed by e 

cape in street, 
„ ligUting, . 

Gidttan at work, 
llEtrth, defect in, 

timber ander. 

Hail from furnace shaft, 
Hotiahes, 

. plate, 

,. pUle adjoining, 
Hlmtiination. . 
Ineendiarism, . 
Ink bailing over, 
Intaiication, . 
Iroaing, 

,, npaetting, 
light thrown down ai 
lifted paper, . 
„ sawdust, 
line slacking, . 
Lncirera, 

Vaphtba upaettiDg, 
Oil cask leaking, 

Pin of Tarnish splitting, 
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Paper used to fun fire, . 

Petroleum, testing, 

Ptiosphorua, 

Pipe Htove, 

Poker falling out of fire, 

EsgB, oyerbeiit of, 

Reading in bed. 

Smoking tobacco, 

Spark from fire, 
furnace, 

thrasbiiig machiue, 
moulding, 



hot plate fire, 
engine, 
forge, . 
flue, . 

, ita, drawing off, 
Spontajieous ignition, 
Still leaking, . 
"■ -e, defect in, 
drying, 



portable. 

Stove adjoining, heat from, 
Tar, fat, gtue, oil, resiu, japan, 

and pitch boiling over. 
Vat overflowing, 
Woman falling into fire, 
WorkniBn'a flra. 
Unknown, 

Total, 1, 
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Pliiladelpbi 


{ 


?,rn7r^.}^«3| 


Kew York, 






331 


Paris, 






300 


Berlin, 






280 








2U 


6t Louis, 






las 


Houton, 






173 


St. Petersbui^ 




140 


Montreal, 




^^^ 


'". 



Troy, ,, „' 42 

ChaTlostOn, „ „ 31 

LivoryOQl fires in 1863, . 2S7 

Manchcator ,, .238 

Glasgow. „ ,221 

Dublin, „ 174 
Lrtninghan 
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SLemcld a\ 

Hull,' 
Bristol, , 



61 


Birkenhead Eras 


47 


York. 


26 


EuetBr. 


26 




23 




32 


TyneiDonth, , 


17 


London, , 



lll 



43. The fnlloming paper from the "Enpneer" ably takes B 
some of the leading points of steam fire-engine consti'uetioH on 
worldng, and alludes to certain receot trials which possess soin 
features of practical interest 

" Mechanical engineera have for some time looked with intere^ 
upon steam hre-engines as presenting the most powertiil combinkt 
tion of engine and boiler, when their total weight is consideradl 
A large locomotive engine, weighing 35 tons, has been known b 
work, for a short time, at the rate of 1,000-horse power, eqnal to 
nearly Ij-horse power for each 112 lb. of its weigl 
locomotive of one-tenth the weight, say 3^ tons, could, upon ttu 
usual system, be made to work up to 100-horse power. ~ 
steam fire-engines, however, of 32 cwt., are now worked up h 
32-horse power, a result probably not yet attamed in any o ^^ 
apphcation of the steam engine. It is no doubt probabl 
that the fire-engines are too light for great durability if w 
constantly, hut their work is only occasional, and it ia even pM 
ferable to incur a somewhat increased cost for repairs than t 
add more weight than is necessary to enable the engine to do it 
work properly. 

" The engine with which Messrs. Shand, Mason, and Co. ofc 
tained the gold medal and 50O guilder prize, on the 12th ii 
at Middleburg, Holland, weighed 33 cwt., and had a single 7 il 
steam cyHnder, with a stroke of piston of 8 in. Before it WM 
out from their works the makers subjected this engine to a seric 
of careful experiments as to its power, and took a number of di( 
grams with Eichards' Indicator, the only one properly applJcabW 
at 16S revolutions per minnto. In one instance, with s 
145 lb. per square inch, a water pressure under a 1^ in. jet of 
125 lb per square inch, and at 165 revolutions per minute, an 
average effective pressure of 13815lh. per square inch w 
tained upon the piston, with 5^ Ih, back pressure, which can 
" r be reckoned la^e. In this case 32^ indicated hoi^ 
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[Kfwer were exerted, or l-borae power fur each himilred weight of 
tUe engine. la working at its full power through a 1^ in. jet, 
tlie engiae might be counted upon to throw 300 gallons per 
minute, and, indeed, it threw an average of 2G5 gallons per 
minute, into a hood 50 ft. distant from the branch pipe. Ameri- 
can makers of steam lire-engines, with whom English iirnia have 
had occasion to compete, are to remember, when comparing these 
results with their own, that the gallons in which our quantities 
of water are expressed are invariiib^ gallons of 10 lb. of water, 
whereas the United States gallon is our old wine gallon of 231 
cubic inches, or almost exactly 8^ lb. of water. The gallon in 
nse in S&w York is 8 lb. of water only, and 300 imperial gal- 
lons correspond to 375 of these. Now, under a resistance of 
I2fi lb. per square inch, equal to that of a column of water 287 
it. 6 in. high, the work done by the pump in forcing out 300 
gallons of water per minnte would be 

300 X 1" X 287-.> 
ai),Ot>U 
or 36'H-horse power, showing, upon this estimate, 19 per cent, 
loss between the steam expended anil the work done by the 
pump. For this class of machinery such a result must be con- 
sidered as excellent. It ia true that tlie u^ful work exerted 
would not approach 26-hor3e power, but this in no way results 
&om the oonstniction of the engine. The water is sent out under 
a resistance which would raise it in a reservoir to a height of 
287 ft. 6 in., supposing there be no resistance in the passage 
of escape. But as a jet, with the friction in the nozzle, and, 
more especially, against the resistance of the air, the water would 
iiot, probably, rise to a greater height than 160 ft., i^ indeed, it 
W^ld rise as high. If we take L50 ft. as the average lift, we 
have 13 6-horae power in useful work, or 42 per cent, of the in- 
dicated power. No improvement in fire-engines can, however, 
diminish the resistance of a jet of water against the air, notwith- 
Htandiug that its exit may be eased by adopting the best form of 
nozzle, long since ascertained and in use. The engine is to be 
credited with the full water pressure in the air vessel, for it ia 
this against which the pumps work ; and this, therefore, is an 
exact measure of the resistance against which the water leaves 
J the branch pipe. We cannot aay that the ci^Lue u&^t 'aEia.c& 
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may nnt have ilischai^ed even more tbou 300 gallons per mi 
when ia full work, but this is taken as a reasonable eatiniati 
and it corresponds to a good degree of working efiiciency in tb 
machinery. Cornish pumping engines are thought to do we 
when the loss of power between the steam and the water is unl 
10 per cent.; and considering the great difference between thei 
and high-speed steam fire-engines, a loss of 19 per cent., i 
something more, would be nothing to wonder at. A speed <: 
220 ft per minute, which vfas the highest attained i " 
is nothing for a steam piston, tut it is very fast for a. water piston 
intended for effective pumping, notwithstanding that the pliii 
of locomotive pumps, when worked as they sometimes are, at H 
full stroke of the piston, often attain a speed of 1,000 ft. p 
minute, anil the direct-acting air pumps of marine engines ai 
often worked at 420 ft. and even 500 ft, per minute, while i 
rare cases, as in Mr. Bourne's practice, they have been I 
700 ft. per minute. In neither of these cases, however, i 
economy of power of especial consequence, but in steam fi 
engines it is everything. 

"When in full work, with 145 lb. per square inch in 1 
boiler, and at 1 66 revolutions per minute, the maximum effectiv 
pressure in the cylinder was 134^ lb., the full gross pressura b 
ing maintained foe more than nine-tenths of the stroka 
steam was then cut off by a slight lap on the valve, while tl 
exhaust opened apparently at about 97 per cent of the e 
The fall of pressure was almost instantaneous to, say, SO tt 
above the atmosphere, from ivhich point it fell more graduallj 
approaching to within 2^ lb. of the atmospheric hne at one poii 
on the return stroke, the average back pressure being 5\ Ih 
There was a very slight compression for, say, 4 per cent, of ftf 
return stroke, when, with the least amount of lead, the steam MM 
suddenly. When working against a resistance hke that of w 
with which nothing can be counted upon for elasticity, and b 
little momentum, it is necessary, except a heavy fiy-wheel i 
used, to work the steam at full stroke, or neaily so. Thus tl 
can be but little lap, and the lea.st nmoimt of expansion, and If 
exhaust cannot ba opened by more than a trifle before the n 
stroke. It lias beeu praposed to work steam expanaiv^i 
" les, bat it ia daiihtM 'whether the s " 
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might tlius be made in. the bullei- would cumpen^ate for the 
inereiwed weiglit of cylinder, fly-wheel, and the moving parts 
directly connected with the piatoii. It ia just possible that some- 
thing may be gained by a, further increase of pressure to, say, 
200 lb., and it is certain, too, that a higher speed of piatoii would 
"be desirable if no difliculty was found in working the water 
throngh the pump. A higher pressure, and, especially, a higher 
piston speed, would save a still further amount of weight, even 
I ■when working expansively. 

"The prize engine made good work on trial when working 

I with 160 lb. steam, and at 154 revolutions per minute. The 
maximum cylinder pressure was 103^ lb., and the mean 97.15 lb. 
Here, however, the steam was throttleil and thus wire-drawn, 
the mean pressure being 103 lb, on the first tenth of the stroke, 
90J lb. at the middle, and 68 lb. only in the last tenth. Tlie 
iriiole indicated horse-power was 21^, and with a jet of Ij in. a 
pressure of 95 lb. was maintained ia the air vessel. We should 
have added that the back pressure was, iii Ahis caw, very slight, 
ialling to the atmospheric line during the last fouith of the return 
stroke. 

" The Middlebur^ prize engine exhibits a great improvement 
upon earlier examples by the same makers. The engine formerly 
at Watling-street, and now removed to Bishopsgate-slreet station, 
weighs 27 QVit. It was made the subject of experiments, in May 
laXk, at the works of Messrs. Peon and Son, where the greatest 
horse-power developed was 15'36. The boiler pressure was then 
100 lb., the average in the cylinder (G^ in. in diameter, and 7 iiL 
Btroke) being 764 lb. At 186 revohitions per minute the pis- 
ton worked at the rate of '317 ft. The hack pressure was very 
great — about 16 lb. per square inch. The engine discharged 
304^ gallons per minute, through a 1 ^ in. jet. When working 
throngh an open branch with no jet the engine discharged 200 
gallons of water per minute, and exerted 9-i horse-power. The 
boiler presanre was 100 lb., the mean cylinder pressure 55'38 lb., 
) and the back pressure, at only 160 revolutions, or 176 ft of 
[te, over 8 lb. The diagrams in these trials were 
,takeR with EichanJa', but with Messrs. Penn's indicator, and 
show how unsuited is the ordinary instrument to B^«e^ <:>S. 
BifrKiatiomptir minute. 
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Messrs, Shand, Miwon, and Ca, now have a steam fire-engim 
of odIj 24j cwt, at WatUng-street } and this, witiia &^ is. cjUn 
der, 7 in. Btroke, and with 145 lb. ateam, and at 1 5 6 revolutiom 
has woiked tu 18-3 indicated horse-power. The diagrams shows 
comparatively little back pressure, although enough to justi^ 
further attempts at its removaL A perfect steam fire-engin 
diagram should be nearly rectangular, and lie as near to the a 
nitiapheric line as possible. The beat work done by the nei 
engine at Watling-street was that of playing a -^^ in. jet under) 
water pressure of 115 Ih. per square inch. 

" The later examples of En glish steam fire-engiae conatanotioi 
may safely be compared with any made abroad, Considerinj 
the great difference betweea the old hand-engines and tiioB 
worked by steam, it ia credita.hle to the makers of the former thi 
they have directed tlieir efforts, with so much readiness, and n 
ranch succeBS, to the latter. In the States the constmction Q 
steam fire-engines is wholly in the hands of professed locoraotivi 
engine-makers, who Jiave driven most of the former mak 
hand-engines out of the market." 



DIVISION FOURTH. 

8TBAM HAUMBBS AKD FOBGINQ MAOHIN-B! 

43. Comparatively speaking, this class of machinery has oaij 
recently been developed, and, therefore, every point connected wiT^ 
it is received with particularinterest by the engineering public. Xi 
subject cannot better be introduced to 'Our readers than hf ti 
following paper from the Mcchanici Magazine, under the titlfiil 
8l.p.am Hammers and the iest fouiuialwns for ikem, in which will t 
found a brief statement respecting their introduction into the pi 
tice of modem engineering; the defects, or supposed defects, wll 
they possessed, with some extremely valuaiblc hints as to woi^Eip{ 
':ally, and of the best modes of securing firm icMM 
I dationa for them. 

e the discovery and introduction of the arts of puddfisf 
■ And rolling wrought-iron, by the talented, but very ill-ua«i F 
~ b no inventiuQ connected with the forge has bean i 
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with more importance than that of tbe steam bammer. Its em- 
ployment has led to TBSt and Btartling improvementa in forging, 
and in smith's work of all descriptions. The steam hammpr 
may, with truth, be said to have knocked down, and annihilated 
practical difficulties which only a qnarter of a century ago were 
considered unconquerahle. It has enabled the smith and tbe 
machinist to achieve triumphs which were once unhoped for, and 
apparently unattainable, whilst, by lessening the cost of both 
heavy and light forgings, it has stijuulated the iron trade to a 
very material extent 

" The steam hammer is a docile and invaluable servant; but, 
like human aervants, it demands proper treatment in order to 
develop its full efficiency and usefulness. It may be perverted 
to the worst purposes, and be made productive of the worat re- 
sults, if entrusted to careleaa or ' unknowing hands.' For ex- 
ample, if the workman in charge of such an apparatus attempts 
to obtain fromite action too much at a single heat of the foi^ng 
in band, be will probably damage the latter to a very consider- 
able extent. The iron will inevitably, in such case, be crushed, 
mutilated, and probably crystalliMd to such a degree as to be de- 
prived of its best elements, and thus rendered totally unfit for 
the purpose to which it is to be devoted. Great judgment, 
skill, and a well- practised eye on the part of the steam bammer 
manipulator, are essential to the making it productive of sound 
work. 

" It was objected to the steam hammer on its first introduc- 
tion, that it would lead the foigeman or smith into perilous temp- 
tation. By its aid, it was said, he could readily cover defects in 
forgiDgs, whether arising from overhtating or other causes. Like 
other merely theorerical objections to new inventions, this notion 
liaa been swept away by the practical use of the instrument, and 
a return from it to the hand bammer would be deemed as un- 
wise as would be a relapse from the planing machine to the cold 
clnBeL It has become a necessary concomitant to the foi^e, and 
improvements in its details and mode of action are alone to be 
hoped for or sought after. Its pj-indple is folly established. 

" "We have said that care is required in deahng with tlie steam 
hammer, and one of the primary points to be looked to is uw- 
j.^aeetionably the obtHinin^ of the proper degtae oi 'ii«a)Si \u Siift 
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forging upon wliioh it is to act. Overheating especially is tha 
bane of forged work. Vain will be all attempts to remedy t' ' 
vital eviL Tlio best qualities of the material will be eliminatdl 
by it, and tlie finished forging will be but ' a mockery, a delw 
sion,' and perhaps ' a snare,' It will never be sound or tougl 
although in appearance it may be both. Of coursi 
sary that the quality of the iron in the fiiat instance he good^ 
that ia to say, there should be present in it the minimum quatt 
tity of foreign matter, as sulphur, scoria, or oxidea of any k" 
Thia desideratum will be best effected by the most scrupulous >j 
tention to tbe fuel used for heating the foldings, 
understood fact, that if coals be used in the forge furnace vhiid 
are impregnated with sulphurous or other foreign and deleterioo 
matter, the forging will imbibe the poisonous particles and i 
come vitiated accordingly. Perhaps the Betside Hartley and ti 
Hastings Hartley coal are the best known kinds for forging ps 
poses. They at least are freest from extraneous bodies. Havin 
obtained tlie desiderata of good iron and good fuel for heating t 
the next consideration should be to use both propeily. Th 
fire-box should never "be filled with fuel, whatever the dianctl 
of the material; for if it be bo, the foiling will occupy a loq 
time in becoming properly heated, and a scale or crast irill ll 
generated on its surface. The homceopathic, rather than the tHi 
pathio, system of furnace treatment is undoubtedly the best i 
lazy futiiaceman may practise the latter, hut a judicious one Wfl 
certainly administer small quantities of fuel at frequent iutetvali^ 
and thus add materially to the chances of obtaining a goo4 
forging. 

" If this and other minor conditions be attended to, the i 
when duly heated, will present a semi-fluid or pasty appe 
In this state it is iit for welding, and no time should be loBtl 
etfecting that operation. When exposed to tlie air, osidaliai 
or scaling, as the common term is, rapidly rammenoes, and S 
amount of sand, however carefolly applied by the Bmith, nj 
prevent tbe fatal contingency. A very small portion of a 
it and pui'est sand obtainable may vitrify on the surAuxil 
irging, and tlius protect it, to some slight extent, from 
t,but careful heating, and a prompt application of theste 
Ji Aie Ihe beet meexiK ol e&aimn^ & aouiid weld. 
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" It is not requisite to dwell upon the fact that the fewer times 
a piece of smith's work is sabmitted to the fire the better, because 
few smiths are igaoraut of it. It is a »ine-quihnon, indeed, to do 
as much at each heat &» possible, and hence again the advan- 
tages of a quick eye and ready hand. It would be impossible 
to enumerate here the varieties of forgings, large and small, which 
may be, and are economically and effectively, produced by aid of 
the steam hammer. The intenninable demands made upon the 
appliance in the establishment of an ordinary engineer, and the 
ready way in which they are responded to, prove it to be a 
veritable servant of all work, and literally a 'true friend at a 
pinch.' The class of smith-work in which the steam hammer 
is used to great advantage may he specified. It is that in which 
the welding on of swells or collars is the diatinguiahing feature. 
By hand labour this important branch of the smith's duty ia 
always unsatisfactorily done. No dependence can be placed 
upon the work, however 'cunning' the hand of the manipulator. 
The steam hammer, on the contrary, with the assistance of proper 
tools, properly handled, never fails to make 'a good job' of such 
matters. The extensive use of blocks or dies in the shaping of 
unall pieces of amiths'-work, and which tenda to ensure sound 
and clean forgings, is due almost entirely to the steam hammer. 
It would be possible to add very lengthily to this list of valuable 
qnalificationa of the steam hammer, as an adjunct to both the 
peaceful, and the warlike sections of engineering — to do so, how- 
lerfluous, They are known and recognised by almost 
all practical mea 

s turn our attention, rather, to the beat means of fixing 
or seating the apparatus, so as to ensure its stability and perma- 
nent usefulness. We have no hesitation in saying that, what- 
ever the character of the soil may be, in the locality in which it 
^determined to place a steam hammer, the foundations fur it 
i be composed of timber, the balks used ought not to be leas 
.or 15 in. square, and they should be from 20 ft. to 
i. long, according to the magnitude of the hammer. Framed 
~ r at right angles and bolted by rough spikes of iron, they 
Ud lie in at least six coursea The distance between the 
8 must be left to the judgment of those to whom ia coivfidwi. 
urectioa of the Lommor, and dejiends aomewWl oo. Wlci na.\.\nc^ 
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of the subljiug soil The niaia object is to secure as large i 

» of surface foundation as circumBtancea will aiimit o£ If tbil 
rule be attended to, tliete will be not only no subsidence aSM 
long working of the apparatus, but no tendency to that evil Th* 
elastic nature of the timber courses will assuredly keep the b 
of the hammer up to its origiual level, besides obviating the c 
fitructive jarring of the piston, &a., which sometimes manifeeta Hf 
self moat disagreeably. 

" It may be said that timber so employed cannot last vei] 
ig; but many instances might be adduced of its having r 
mained sound for over twenty years; and we have little dontX 
that carefully-selected pine, in a dry soil, would not deterioraW 
very much in half a century. It must be admitted that t" 
foundation of a steam hammer has a great and important task ti 
perform. Besides sustaining the weight of the apparatus whfl 
in a, state of rest, it may havo to sustain six times that weight i 
the hammer be in operation — to say nothing of the altematii 
shocks resulting from each impact upon the foiging. ~ 
may he used if the bottom upon which the timbers rest be ea 
but if it be so introduced, care must be taken to put in a stratu 
of sufficient thickness, or it will crack, and fail to perform iti 

" In some cases, it might not be improper to diminish the si 

of the timbers towards the surface of the ground. This would 

Iiave the effect of concentrating, so to speak, the effect of t" 

blows, and thus prevent an undue elasticity. The introduction 

of piles as foundations for steam hammers cannot, except in r 

instances, be attended with practical good. Horizontal timber^ 

laid in courses, and covering a wide area, form, as we thin^ tl 

beat possible foundations for them. Thus provided, steam bu 

mera will give out their powers most efficiently, their duialuliljl 

will be enhanced, and the cost of reparation will be minimized." 

4i. Forging mae/iines bij pressure have not been beJcM 

I thought of, and are not even jet appreciated as they deserve, b 

L cause the fundamental principle upon which all successful foigiiq 

I erf wroiight-iron depends — namely, the law of arrangement d 

I its integrant crystals, and hence the methods by which tibr^ L H 

Lelongated crystals can bo produced and their disposition in 

■MWRiiied — ^is aoaicely at aU. k.i:vo«a -, aod if kuoin^ ii 
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yet been familiarized enough to practical men, so that they hiivu 
not come to apply it in considering the construction of tools and 
methods of woi'kiiig. 

There are many persons more or leas connected with metallurgy 
who can discourse about "fibre" in iron, and who know some 
things about it accurately enough — so that they know it when 
tiiey see it — that fibrous iron is tougher than crystalline — that 
fibre is generally found in certain makes of iron — that it Ls muuh 
more difficult to produce in some makes than others — tbat it is 
better produced by rolling than hammering, &c. ; and who would 
probably make, besides, other propositionB on the subject of 
doubtful, or more than doubtful, capabihty of pwof, but who, if 
asked to say precisely what ie fibr-e, or in what does crystalline 
iron (such as Swedish commonly appears) consist, and in wliat 
does Each iron differ from fibrous iron, would find themselves 
completely at fault, and, perhaps, discover to themselves, for the 
first time, that they had been long talking and activiij about soiuu- 
thing they could not define — that is, of the nature of which tliey 
Lad no clear idea. 

While affirming that by the aid of the forging machine, actu- 
ated by pressure, we can produce fibre in masses of iron ho\v- 
BVer iMgB, we shall consider this subject of "fibre" in the woitls 
•tf an article from the " Practical Mechanic's JoumaL" 

" I. AH erystaUizable bodies whatsoever, crystallizing or cool- 
ing from a high temperature, whether that of fusion or below it, 
have their constituent integrant crystals so arranged, that their 
principal axes (i.e., the longest axes of symmetry) are in the i!i- 
KCtions of least pressure within the mass. 

" This proposition may be stated more generally, and embrac- 
iog a still wider truth of nature, lut for our present purpose it 
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" n. All simple metals, in a state approaching chemical parity, 
i oiystalliiie bodies, and when in mass and cooled from fusion, 
at a t«mperatuTe near it, have their integrant crystals arranged in 
obedience to the above law. 

" in. If the mass of metal, while tooling, be acted upon by 
no external force except gravity, and that of the free mutual at- 
ttaction of its own particles, the principal axes of the crystals 
■ill bo found, when the mass is cold, to have aiiKttsi,e»i. ^^la- 
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selves in the directions in which the wave of heat has passed 
&>m the Bui'feice of the cooling mass. 

" 111 a perfectly still atmosphere this is the same as aayii 
that the principal axes are found to be arrasged perpendicolai 
to the bounding surfaces or contour of the mass. Thus a, ' 
cast in iron (still more remarkably if oast in antimony or b 
muth, or other such metals of great crystalline developmes 
when broken through is found to have its crystals arranged 1 
radii of the sphere, and hence perpendicular to the bounding n 
face of the sphere — that is, in the Ihiea of least pressure v ~ ' 
the mass — the pressure being that of contraction of the ex 
cooling upon the interior — and perpendicular to the surf/Ke I 
the escaping heat wave, which here is a spherical shell, panlll 
to the surface of the cooling metallic balL 

" IV. If the mass of softened and heated metal he also tela 
upon while cooling, by extraneous forces, such as i 
pressure, the final arrangement of the principitl axes of the a 
tala is determined in aocordanoe with the first law, still in dl 
directions of least pressure within the mass ; hut these direotioil 
are now dependent upon the extraneous pressures (from witbM 
as well as upon the interior pressures from within to (due conta 
tion by cooling) act coujointly. 

" Thus, in a cooling billet or parallelopiped of wrought-iron,.tll 
directions of the crystals within it depend upon a, the diroc^ 
in which it has been compressed and extended under the ban 
and upon b, the final contractions in its cooling to the tempei 
ture of the atmosphere. 

" V. Metallic crystals retain the property of malleability, h 
when a^regated in mass with their principal axes parallel, the 
may he elongated to any extent. The parallel crystals to ik 
gated constitute fibre. 

" Thus, in a biUet (of Swedish or Low Moor iron for exanqil 
of S or 3 inches diameter, which presents nothing but a men 
uniform mass of small crystals !ike lump sugar, when heated ai 
passed once or twice through the rolls, these become all amng 
in lines parallel to the length of the billet, that is in the diredad 
of least pressure within tlie mass, which is one perpendicnlat i 
the grip of the rolls ; and as the billet is extended into a bl 
Libew ci^stala are elongated, and the bar becomes fibrous. 
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f TL The extent of development of fibre, therefore, (with a 

L make of iron) depends upon the relative extent of distor- 

tt in one direction of the original form, 

J"'We aay ' with e, given make of iron,' beeause some ■wrought- 

n crystallizes much more readilj and fully than others, with 

IB causes of which, however, we are not here concerned — and 

e whose crystalline development is best — develop fibre beet. 

other internal forces were brought into play by contraction 
wling of the bar, equal distortion relatively would produce 

1 amount of fibre, whether the bar were large or small But 
a very large bars these internal forces of contraction by cool- 

e great enough to become effective, bo in such, a partial re- 

mgeraeat of the longitudinal fibre {i.e., of the principal axes 
of the elongated ciyatals), takes place while cooling, and these in 
accordance with law I. The unilurmity of the fibre is thus often 
mote or less interfered with or even destroyed as the large bar 
cools. Thus it is that wire, rivet-iron, &c, present the finest 

mples of fibre. The elongation of crystals is the greatest in 
these small diameters, and their diameters are relatively so smitU 
internal strains by cooling are powerful enongh in their 
small bulk to produce sensible re-arrangement of crystalline axis. 

" Such in brief are the true pfiysical laws of fibre in iron — 
slated so fat, and so far only, as regards their production by rolling 
or forging, &c., in wrougbt-iron — and when clearly grasped, it 
wiU be found that the production of fibrous iron is no longer a 
Biystery or a chance, sometimes to be hit upon, and sometimes 
uiased, without our being able to say why ; but that it can be 
eommanded to any extent, and in whatever direction we may 
predetermine, by suitable apphcations of adequate external force 
to the softened raetallio crystalJizable mass. 

" If fibre is to be developed fully and regularly in any piece 
of wTonght-iron, however, the pressures applied to produce dia- 
(ortion (i.e. elongation) must be adequate, in relation to the size 
of the moss, and must be regidatly and uniformly applied, and 
oonstantly, from beginning to end, in the same din-ction. 

" It is by reason of these conditions being fully answered by 
rolling, and being most imperfectly met by hammering, that by 
Ibe former process alone, can perfect uniform longitudinal fibre 
be produced in any wrought-iron. 
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" Eolling by the rolling mill ia a process, liowever, that so £ 
as existing machinery goes, has found its superior limit, for ron| 
ha.n or cylinders, at about 9 or 10 inches diameter, and evenl 
plates or rectangular slabs at some 4 or 5 feet wide by 6 to 1 
inches thick ; and at these sizes, the relative distortion lit ei 
pinch of the rolla is so slight, that the production thus of fibre 
almost nill. 

"A billet of say 3 inches diameter and 3 feet long, i 
hot into ^-inch rivet-iron, of which the cylinder will make wh( 
rolled out 36x3^ 1D8 feet long. Let us suppose this do] 
uniformly by passing 10 times through the rolla; the relatil 
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distortion at each pinch is yr^ = ^ of the preceding form. 

" Again, a billet of 9 inches diameter and 3 feet long, is rolli 

into a 3-incli merchant round bar. It will be 27 feet long, a 

if it has been passed through the rolls 10 times also, the leUtii 

distortion at each pinch ia -ly, =: . „„ — or only OOi of what 
was in the preceding example. We can easily see, then 
that the amount of fibre produced in tho latter case will ba gi 
less than in the former one ; and, practically, this is to n 
state the ease, because a far more powerful pinch ia enabteJ 
he given, when Tolhng small rod-iroa, than is ever ventutej' 
lolling heavy round bar», having regard to the chance of bt 
ing machinery. 

"But now the two bars are let to cool, and without g 
minutely into the subject of the internal strains or pressaraa p 
duced by contraction, as unnecessary and for which we havo i 
space, we may say that the distortion due to this may be pioi 
to be greatly the more in the har of large diameter, so tjiife 
the whole, in tho big bar tli-e fibre is originally worst develo||i 
and in it, also, it is most disturbed subsequently in cooling. 

"The latter condition must for ever come into play, in Ti 

large bars, as a disturbing element of structure, so that if \n' 

the means of making, by colossal rolling or other niachinfl^ 

1 lod of rolled iron,oi; say, a foot in diameter, that while hot 8b 

' B as perfectly fibrous as a Staffordshire rivet-md of half an i 

t would lose much of its fibre as it rapidly cooled in air, 

, if we biuke Iti tiuou^b, we ehould i 
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planes, cutting across the fibres in many places, in directions 
tranBYcree to the axis of the bar. 

■'This may be mitigated by very slow cooling — cooling in an 
annealing oven, in fact — diiTused over a long period, but it can 

I only bs mitigated. 
" We auppoae we are not called upon to prove, on fiist prin- 
ciples, that fibre would be desiraile in every mass of iron we 
employ structurally, however laige, and most ao where impulsive 
wt rapidly applied and varying forces are those to which the 
material is subjected, as for the foi^nga now employed in iron 
ships, the parts of marine engines, of cannon, for armour plates, 
&C. Nor need we repeat that all these, as at present, produced 
under the steam hammer, are very little better than so much cast- 
iron. Not only have those vast masses outgrown even the forg- 
iag powers of the steam hammer, so that the metal is defective 
in soundness, but no power of steam or other hammering can 
produce uniformity of fibre, or anything as to internal arrange- 
ment, except a confused aggregation of crystalline planes, with 
axes constantly varj'ing during the progress of the foiging, and 
at last, when it is finished, lying in all possible directions within 
(be mass. 
I "To fix our ideas, however, as to the value of fibre, we may 
I itate that Ur. Edwin Clarke's experiments gave a mean of 20 
Itona per square inch lEtUi the fibre, and 16 tons per square inch 
Utamverae to the fibre, in boiler plate, and that the ultimate 
■■tuisioD at ruptuiie was twice as much in the iirst as in the 
H^od case. It therefore foilowa that the value of the co-effi- 
^Kt Tr, that is to say, the ' work done' to produce rupture, which 
^Hhe trae measure of the resistance of iron in all coses, is in each 

^^B^lJi the fibre, or in the line of the principal f '' 

^^m ajcea of the constituent fetj'stala, . f _ g,i . .o, 

^^B^ansverse to the same, . ^ 30'47 

Kost Ti: 1 

H^^he latter co-efiicient is also about that which the best ex- 
HiWuitB give for the resistance of wrougbt-iron in great forgings 
V^B, Sm., &C.), so that if we could only make the latter tiWu\^, 
^^kujil incteaae their yaJut: m<JK than WEea /old. 
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"Thia arises from the fact that 

" VII. In iron (and no douht in aU metals) the principal axet 
of the metallio crystals are also the caes of maxiraitm elasticity. , 

" The co-efficient of which, we may remark, appears to int 
in value rapidly with the absolute elongation of the cryataUioi 
iixoa, by lajnination, by pressure, or wire drawing, &c, as Ibl 
crystals assume the distortion form of fibre. 

'■ Here, then, is the future of the forging machine — tliia i' 
ileatiny, to give us as good, or nearly as good, material in tin 
largest, aa we are already able to obtain in the sinallest siz 
wrought- iron. 

"To effect this, it presents us with two chief conditions, a 
wanting to the rolling-mill and to the steam hammer, betwe«i 
which it seems to come in, as a sort of immense middle t 
viz., power adequate to any assignable requirement of a 
both in force and range, and perfect uniformity of action iuj 
determinate direction, which may continue until the piece shd 
assume its final or finished form. Thus, by the necessary cht 
of form operating throughout the moss, movements shall be piQ 
duced simultaneously in alt ite particles, and eo fibre become d 
veloped in the direction of greatest exleiution, in accordance wit! 
the laws we have developed. 

"Thia view of the important function of the forging ptes^ v( 
apprehend, has been graapeii by Mr. Haswell, of Vienna, wh 
baa probably become acquainted with tlie exacter notions ( 
metallurgio science which are £aniliar in Germany, though so littli 
met with amongst oiuaelvea. 

" In any case, thia is the all-important direction in which k 
look at the machine. It is one, at the same time, that has o 
tatnly so far quite escaped recognition in Great Britain, for t 
idea of a forging machine by preaaure ia not by any means new." 

" Mr. Haswell's press consists of," saya the " Engineer," " 
very large horizontal steam cylinder, the piston within which) 
by means of a tod or ram projecting through each cover, ymibt 
two very large force pumps for getting up the presanre ii 
press; thia has a large ram, upon which ^e water ia farced tOi 
bring it down, and a smallerram above, connected by a crosahea 
and aide rods to the larger ram, to bring the latter up again aflt 
each blow. The varioua valves are worked by n 
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steam pistons in aupplementary cylinders. Mr. Haswell states 
that this press will dehver its blows with nearly the rapidity of 
s stesm hammer, and we imdetstand that he has brought a 1 1- 
inch square ingot of Bessemer steel down to 4 innhes at a single 
jweasure, the largest st«am hammers employed in Sheffield hav- 
ing nothing like this amount of power, Mr. Haswell, too, has 
pressed out a locomotive piston and rod, at one stroke, from a 
single bloom. 

" Henry Duhha, in 1853, patented 'A method of forging iron 
and steel by the application of hydraulic pressure by gradual com- 
pression, in place of by sudden blows or concussion' (No. 2,116, 
1853), and proposed to apply kia method to making locomotive 
engine and other wheels, tyres, cranks, cranked and straight axles, 
Ac, &c, ; hut he does not suggest, by one syllable, that he en- 
KfaittuneJ the least idea that in hia method lay concealed the power 
'mproving the quality of the iron in the act of forging it 
P'Two new forms of forging press have since been produced 
" " a that of Haswell, vii!., that of Messrs. Shaiika & Co, (pa- 
it 1863, No, 3,908), for improvements in hyilroiJtatie presses; 
1 Mr, E. B. Wilson's patent (1862, No. 3,398) for another 
D of the machine, . . . 
J •Messrs. Shanks & Co, describe their machine as follows: — 
r improvement consists in making a hydrostatic press worked 
a power, in such a manner as to esert the direct pressure 
B steam upon the water in the main cylinder of the press, 
lening a free communication between this cylinder and the 
:, and move the mm by this direct pressure until the reaist- 
1 of the object operated upon he eqnal to this pressure, at 
L moment steam is admitted under a lai^e piston operating 
1 of smaller diameter in communication with the main 
JL eo that the motion of the leaser ram produces on the larger 

a. increased pressure in the ratio of their respective areas. 

VMeBsra. Shanks' design is for a press," says the same autho- 

" intended to exert a pressure of 3,000 tons, through a dis- 

r stroke of 5 inches, He has a vertical steam cyhnder, 

[n diameter, and having an 8f-inch piston-rod, or ram, 

tng with the full stroke of the piston, or 5 feet, through 

iT aide. "With steam of 200 lb, pressure per si^UiiHa \a>i\\. 

BL Jhe under side of the piston, this nun. will rise -wiJiv e. Wwi 
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of abnut 250 tons. Water will be pressed oi'er at tliis pressi 
equal to upwnrda of 4^ tons par square inch, upon a 30-ii 
piston formed upon the head of the ram of the foi^ng press, i 
ram descending 5 inches for the 5-feet rise of the pump-ram 
the upper aide of the steam piston. The ram of the press i 
an annular area upon its under side, and upon this a cons: 
pressure of very high steam ia maintained to bring up the 
after each stroke. The water employed in forcing down the « 
returns then into the chamber of the 8J-iach piinip-ram, eire 
lating to and fro at each stroke without loss, 
that, upon this arrangement, any required number of stmiB 
of the press-ram eould be made per minute, and the preasui 
moreover, could always be nicely graduated according t 
quirements of the work. A motion of 5 inches, with an adJQ 
able anvil, is considered quite sufficient for ail work. 

"Mr, E. E. Wilson's machine, which, under tiie title of! 
chinery for forging and pressing metals,' he denominates his 1 
tent Combination Press, the water cylinder, or ram, is reducad- 
a compaiatively small size, and the pressure from it is 
by the intervention of the lever. This machine cannot be fii^ 
described without the aid of drawings, but for a full descripti 
of such, we refer our readers either to the patent specification — i 
numbers of which are given above — or to the Practical MecliMt 
Journal, Parts 184—186. 

" Besides the above foiling presses, we understand Mr, B 
also bringing out apowerfulonefor his lai^eworksabout to beet 
near London. The following arethe conclusions come to on theS 
jeet by the writer in the Practical Mechanic's Journal : — ' To D 
appears that bo far, Haswell's is the best forging machine prodoB 
but we are by no means of opinion that a perfect machine ha 
been designed by any ona Such a foi^ng machine would, ■ 
conceive, demand that the following conditions should be fulfilled 
1, The power should admit of indefinite variations and a 

sions, up to the limits of strength of tiie parta, 
3. This must be independent of the length of stroke at I 

moment^ or of the range between ram and anviL 
, The movement of the ram should admit of variation in 

locity, without a necessarily corresponding reduetiM 

power. Th&t ia to saj^ Vt^ a\ta.re of llw e^tM 
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sliouid be capalilu 
inoro of tho squeewi. 

4. The tiiue consumed in raising the ram nfter tlie squeeze 

bIiouM be tiie least possible — certainly as quick aa in 
the steam hammer. 

5. Tliere must be no time lost in giving the squeeze, i. e., in 

the coming down of the ram. This will be indispensable 
in presses to be applied to welding on the great scale. 
" ' Tliese two laat conditions will be mora diffieult to fulfil with 
lerer than with direct acting presses, however constructed. We 
might add to these some other conditions that must be met, and 
Uiat involve no important difficulties, in order that the machine 
may be applicable to the production of fibre in forginga on the 
great scale— as, for example, in armour plates and gim moulds, to 
which it appears to us these machines present the offer of striking 
ameliorations.' " 



DIVISION FIFTH. 

CABLES, CHAINS, AND ANCH0E3. 

45. Nothing is of greater importance in mechanical engineering 

I than the manufacture of ohaina, so that tbey will be certain to re- 

i. the strains to which they are subject. In every case where a 

n is applied, some article or weighty piece of merchandise ia 

g laised, sometimes of a valuable and fragile nature ; in other 

a heavy piece of machinery is being lowered into the hold of a 

jr the ship itself may be riding a gale at anchor. In all such 

1^ the total safety of both life and property depends on the 

» of such chains oi cables, and anchor or hooks ; this being 

s, too much care cannot he exercised in the manufacture, and 

n examination and proof cannot be applied to them. In 

I. department is the axiom specially worthy of remembrance — 

rungth of any body is decided by its weakest part. 
W. Xately, this matter has been much agitated among onder- 
n and shipowners, and the consequence has been the erection. 
I, moat efficient proof house by Uoyds, where they have under- 
lie ft. trifling suni, to f roce aU cbaia ct^H^a s^d- %'nj4ti»\% 
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_ t to tLem for that purpose. Tliis proof-house was ereotfl 
nearly two years ago, under the BUperintendence of T. M. Gla^ 
stone, C.E., in the New Eoad, Poplar, London. The iblIowU| 
is a deacription from the "Engineer:'' — 

" Heretofore chain cahles have heen tested in lengtha of H 
fathoraa only for the navy, and 15 fathoms for the i 
Berviee, these lengths being a.fterwards connected by shackles n 
to any length required. Mr. Gladstone prefers, however, to pn)i 
from 60 to 75 fathoms at a time, and the proving-housc^ of gat 
vanised iron, is nearly, or quite, 500 feet long. At the soutbeif 
end are the ofUces, weighing machine, hydraulic press, and pDin]ri 
A railway extends the whole length of the building, and ths 
is also an i!%n trough, aboub IS inches deep, r unnin g thesU 
distance, and in which the cable is placed when under strai 
All the mechanical operations of handhng and proying chains u 
anchors are performed hy a steam traveUing apparatus, d 
by Mr. Gladstone, and called the Dromedary, This is a srf» 
stantially made steani crane, mounted upon a four-wheeled tnid^ 
and, furthermore, provided with means for its own propulsiOB 
aa a locomotive, and also for underrunning cables, and for drivii 
a set of hydraulic pumps. As a crane, this machine will li 
swing, and lower 10 tona. Stationed near the pumps, and wftA 
ing through a ninversal joint, it will, in a few minutes, get n 
any required strain up to 300 tons in a length of 75 fathomso 
cable, and in other ways it is so serviceable that liut ais 
men, including engineman, smith, and labourers, are employed ii 
the entire work of bringing rn a cable or anchor from the dool 
and testing, repairing, and delivering it again. Tlie cost oi tl 
Dromedary, we are informed, is but £650. The cable is hanll 
out of a barge afloat bya hght windlass, and coiled upon a trad 
TEiisis taken by the Dromedary into the pro ving-house, andalw 
down the line of toils abreast of the trough in which the chi 
' e laid for proof. During this journey of the truck, whi 
occupies but a few minutes-, over the distance of 460 feet, i 
I cable is let ofli by the aame light windlass, and deposited U 
i the floor, A large broad grooved sheave, suspended from Ilia j 
L o£ the Dromedary, is then got under the cable, and with the al 
I properly adjusted in its position, the Dromedary underranst 
B JfiDgth of 75 {at\iom& \n. atout 2 minutes, thus hoistingi 
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Ue into the trough without its being touched by hand. The 
Wgli b nearly, or quite, 2 feet wide, and has iron sides of a total 
■f nearly 60 square inchea Tlieso are fastened by etont 
igea at the bottom to the heads of piles, driven deeply into 
I'made ground.' At every 16 fathoms there ia a crosa-har, 
nat 15, 30, 46, 60, or 76 fathoms may be tested aa required, 
I longer lengths being preferred for convenience. The cable, 
g made fast at one end to one of the cross-batB of the trough, 
i at the other to the crosa-head of the hydraulic press, is ready 
eaUng, The hydraulic press is horizontal, and forms one end 
Be trough. It has a bore of 1 6 inches, and a piston-rod of 8 
a diameter, the annular area for pressure being thus about 
f Bquare inches. The press cylinder ia long enough to allow 
feet stroke. The highest intended presaure ia 2 tons per 
icb, equal to a total strain of 300 tons, but the 2^-iiieh 
r a 3,000'ton ship require a proof strain of hut 91 
k and the proof of even the Great Eastern's cables ia but 167 
The permanent friction of the press, which friction ia not 
ti affected by the pressure to which it may he worked, is 1 1 
L and it is seldom that a greater pressure than half a ton per 
B inch requires to he applied by the piunps. The Drome 
un up alongside these, and a universal joint slipped 
ll the pump-shaft^ the pressore is quickly got up. A machine 
^exactly weighing the strain applied is fixed in a room Bear 
ind from which there ia a view of the whole length of the 
The pressure of the water is received through a small 
(T pipe upon the end of a giin-metal plunger, | of an inch 
meter, attached to a scale beam pn>vided with moveable 
The strain is increased until the scale beam rises under 
*proo£ weight, when the cable is struck four or five smart blows 
a sledge hammer at about the middle of ita length. No 
Henta have yet happened to the workman striking these blows ; 
e should suggest a falling weight, to be released by a trig- 
■*^ tripped by a long cord. The strain is kept on tlires or 
nr minutes, during which the cable is carefully examined 
I^Jtougtout. When breaks occur, it is almost always at a weld, 
^^Bd H large number of links never welded through one-tenth of 
^^HeEr cross section have already been found since the ^rou& cavoi- 
^H|iMg>i«t Hmembet." 
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47. At tlie Society of Arts a very inttreEling and able impa 
on Uie Teitittg of CItain Cables wag read by Mr. F. A. Page^ 
C.£, of which the following is an abstract. After alimling tt 
the importance of the subject, and to the difference of opinioii 
uuiongst practical men oi to the points involved in the strength o| 
ft cable, and as to the tests to -which tbey are to be subjected ; an^ 
to the fact that there is a remarkable loss of the original strengtb 
of the iron iu forming it iiito the links of a chain cable, Mi^ 
Paget proceeds to show the seveial reasons why this loss ol 
strength is sustained. Of these he says the principal a 
The mechanical shape of the link; 2d, The cmshing etreaa 
undergone by the insides of the crowns; 3d, The deterioration 
in strength of the iron through its being bent; 4th, The loss of 
strength at the welds, 

" 111 the first place, each link is, when the cable is pulled ii^ 
the direction of its length, subjected to a transverse strain at eacU 
of its ends or crowns, and is somewhat in the condition c ' 
carded beam loaded in the middle. An originally curved 1 
is, with regard to bending stress, in the same condition, at any 
cross-section at r^ht angles to its neutral surface, as a strmght 
beam under the same moment of flexure. The momeat of flex- 
ure of one end of a common unstayed link can be expressed i 
inch-pounds by multiplying half the span, or half the distance in 
the clear, by the load in pouniis. In the case of the stayed lin^ 
however, the moment of thruBt of the cross-stay has to be sub- 
tracted from the moment of the bending force. Tho mechani- 
cally weakest part of any link is thus at the crctwns. 

" i'or the sake of simplicity, let us suppose the croesrsectional 
area of the link as inftuitely small compared with its insjor i 
minor axes, and suppose it provided with a cross-stay. Let 2P 
denote the whole pulling force; 2R the tlirust of the stay; 
X the tension at A. For the equilibrium of the quarter link, 
E, E, A, we have the forces P, E, T, and the forces at B^ arisinj 
from the left-hand quarter at A. From symmetry this must bi 
horizontal (in the figure), and we must therefore have : — ^Force a; 
B = E, and T = P. The moment of the bending force at B i 
lliejefore not P X oA, but onlj P x oA — R x oE. On the oth« 
blind, when the link is on the point of brealcing by opening a 
E, the tension will not be equal to the ultimate teasio^ ^(^>l^ 
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e section at Ji, but only at iha lowest point, ami wlieii tliis 
n ^vea way a little, the tension, previously supported, is thrown 
oa a fibre higher up, which then gives way, and so on. Hence 
the strength is less than if the tension were throughout the sec- 
tion as great as possible. 




" \ow, it is a curious fcct, that all the fl-ritera on the strength 
I'rtliateriala. from Professor Peter Barlow, M.V, "EAwm CWt, «a^ 
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others, down to General Morin, in 1862, give the strength of « 
link famished with a crosB-atay to be equfll to that of the ii 
of which the linic is made. 

. icBthematical sense, the contact between the links in 
only at a point, because it is a case of two cylinders touclia 
each other at right angles. Under a load, this point will spre 
out to a surface of an area gii'en by the amount of tbe load u 
by the compressibility of the iron. This surface will then pi 
Imbly increase, in the ease of a 1 in. cable under a load of nam 
tons, up to more than half a square inch. And thus at the eait, 
the softer and more ductile the iron, the sooner will it be w 
away in practice, and the progressive deterioration caused by flii 
crushing action will also be furthered by the friction." 

After glancing at a few of the points which apparently aie K 
cerned in the cause of a cylindrical bar of iron being rednced il 
strength by being bent into a curved form, and after espressing tl 
opinion tliat — although much of it rests upon unproved ossumptlsili 
— " the molecular arrangement of the iron at the crown of the In 
is in the worst condition for resisting the tensile and oompreasW 
strains on each side of a neutral axis, that make up the cotnpcmi^ 
Httion of a transverse stress"' — Mr. Paget proceeds to point ont^tM 
although it thus appears that the orutTn of the link ic 
part, it is, however, " very far from being practically ths cM 
Each link has, of course, to be welded up, and the weldieinw 
of the sides, with a long scarf, in order to get a large weliltDj 
surface. When we recollect that there are, in round i 
1,800 links, and, consequently, 1,800 welds, in a 1-in. hundrrf 
fathom chain cable, and also that the efficiency of the cable ii 
penda on each individual link, the paramount importance of til 
welds is obvious. In nine cases out of ten, while in use U 
while being tested, the links are found to give way at the udl 
Breakages would have a tendency to occur at the welds wit 
good iion but bad workmanship, and in the iron, and not in & 
weld, if good workmaniJiip but bad iron bo employed. The W 
certainty of welds is, in any case, well known to pi-acticol ms 
I Mr. lurkaldy has made some eigliteen experiments on the teWiv 
[ strengths of welded joints in wroiightiron. Some of these!* 
e made by a chain-maker. Only six of the specimens h 
'<%Wwy from the weld, and iii every case there 'b 
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ultimate breaking atreugth, avemgiii.g from 3'6 to 43 per cent, 
the mean being rearly 20 per cent. As with ahnost everything 
elee belonging to the subject of chain cables, one of tbe witueseea 
before the Committee of 1860 miaed the question whether the 
position at one of the sides was tbe best fur the weld. Mr. 
Smale, of Woolwich, proposed to weld the link at the crown, as 
there -would thus be more room for the smith, and any bad weld 
would be less hidden by the cross-stay. The crown is, however, 
as we have seen, ab initio, the wettest part of tbe link. Be- 
adeB, if a weld at the side gave va,y, the other half might catch 
and save the cable ; at the eame time, however, a andden giving 
way at the weld would cause an instantaneous distortion, and 
probably rupture, of the opposite side, as the sudden ' run ' of the 
cable would act with an impulsive force. In fact, when iron 
cables were first introduced, the welds were made at the crown, 
bat the plan had to be given up. It is clear enough that there 
are, eeeterU paribus, three weak places in a fink where any effects 
of stress would first show themselves — the two crowns and the 
Veld at the side. 

" We thus see what a powerful element of uncertainty is 
brought by the uncertainties of workmanship, into such aa appa- 
lently simple thing as a chain cable. When, however, we re- 
meinher that the very best wrought- iron of commerce is, to use 
the words of the well-known metallui^st, Saint-Claire Deville, 
but a metallic sponge, like platinum, the pores of which have 
been eimply closed up by pressure or percussion; that, in one 
*vord, ordinary ivrought-iron has never, aa wrought-iron, been 
fnsed, it will be seen that tbe uncertainties qualifying the mate- 
>ial itself are still greater. Mr. Mallet thus found that while the 
Original hammered slab of a very lai^e forged maaa had a break- 
ing atrength of 24 tons to the square inch, it fell progressively 
1e 17 and IG tons at the different places of the moss, down to 
ftven aa low as 6^ tons in some parts. Unless this iron had 
been burnt, its tenacity could doubtless have been restored, and 
If drawn into wire, its breaking weight might have been increased 
U> perhaps 90 tons to the square inch — at least before annealing. 
An average of 188 experiments made by Mr. Kirkaldy on rolled 
bnTS, gave a maximum breaking atrength of 30| tons, and a minv 
jgi^ma. of nearly 20 tons to the square incli. TYieae 'vD&o&'n.c.^ u^ 
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tte mamifacture merely on the quality of wrouglit-iron, a. 
most independent of the chemical constitution of any indiTiiiu 
bar. Por inRtance, iintil it be proved to the contrary, then a 
many reasona for the general belief that the cold shortness 
wrought-iron is due to the presence of silicon and carbon; audit 
hot shortness to that of snlphur. A fractional per-centage of CO 
per also makes wrought-iroa hot short. In truth, there are proh* 
bly no two bars or parts of a bar of an exactly similar chemicii 
composition, or in an exactly similar state of moiecalar a^ 
tion, and therefore of on exactly similar breaking strength o 
tic hmit. Even these are only a fewoftlie elements of uncertaihtjj 
in structural materials. But when we further take into acoottn" 
the varied strains of extension, compression, distortion, twitting 
and liendiiig, to which medianical structures are 
subject; that the work done by a gradually applied load is dun 
bled if this load be applied suddenly; that the impulsive b 
of a moving load is generally mo]« or lesa intensified by vibiK 
and that the varied shapes and anangements intended to raorf» 
these strains must be often as much fixed by financial as " 
scientific consideralions, tlien the reason that the best ui 
neering practice makes the ultimate strength of a wroug 
iron structure from four to six times the working load must h 
even popularly eviiknt. But these iactors of safety a. 
jicient. The structure must be tested as eeavchingly, and M i 
as is consistent with safety — as far as is possible without injuii 
the material and its relation to the structure. In ■ 
limit is, in the Main, given by the limit of elasticity of w 
iron under exteusion, as this limit is less for wrougbt-inm t 
that of con)pression. It ia also self-evident that the tsods 1 
testing adopted ought to approximate as nearly as practicable w 
the kind of stress the object is intended to uodei^o in practifl( 
It is also evident that if circumstances allow us to exceed ti ' 
limit, a, ill fact, we can push the test as far as the bra 
strength of a portion w of an individual piece of the objec^ 1 
shall obtain the safest amouut uf iuformatioa about its qaal"' 
In this way guns and plates .... are both tested to destruetio| 
If the numerous experiments that have now been mads 01 
do prove anything, it ia tliat the breaking strength does nottl 
quality — the breaking strength must bo taken conicffil 
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with the elongation. The true measure of tliB mechnnicn! value 
of wrouglit-iron is simply the sum of the products of the succes- 
sive loads and the incrementa of elongation — in other words, the 
resilience of the bar or t!ie deflection of the beam, or tlie work 
perfonned in producing the stretch or deflection. We thus sea 
the value of Poncclet'it symhola Te and Tr, ailvocated wilh much 
ability in England by Mr. Mallet Upon the just balance of 
strength of fibre, or high breaking strength, and extensibility or 
ductiHty, depends the mechanical or Btructiual value of iron. 

" The navy test for chain cables is stated to be the result of a 
number of careful esperimenta by the late Sir Samuel Drown, and 
it was adopted by the Admiralty in 1831, when chain cables 
were fairly established in the royal service. The test ailopted by 
the IVench navy is almost exactly the same, and in Eiasia aiid 
the St^ttes it is exactly the same, as both those countries use our 
own measures and weights. Every chain cable is proved by a 
gradually applied stress of 630 lb. for each circular one-eighth of 
an inch of the area of the bolt of which the cable is made, or 
11*46 tons to the square inch on each side of the link. 

" Assuming that a link is subjected in practice to a tensile 
■tress, and as the proof strength is generally lixed at double thu 
wwking stress, this would coirespond to nearly 5| tons on the 
square inch. There is thus a very close correspondence between 
tlie working stress assumed for chain cables and the Board of 
Tade limit of 6 tons to the square inch, imposed about sixteen 
jeaia ago, fur both the tension and compression of the wrought- 
iron of railway structiu^s. The chain cable of a ship is also evi- 
tlently Bubjected to impulsive furces. It is true that a ship, 
when struck by a sea, in most eases merely Ufts the weijjht of her 
diain, the catenary curve of which thus acta as a kind of water 
"btnke; but a very heavy sea must occasionally bring a sudden 
pull on the coble, and in shoal water the tradden strain must he 
almost solely taken up -by the resilience of the cable, or n.ther by 
tlie deflection of the series of beams composing the cables. Much 
aeonrity is, however, afl'orded by the fact that a cable is generally 
only slrmned during a brief interval of time. But few cubles can 
stand a sudilen nip at the hawse-pipe ; and we thus see that lateral 
as well as longitudinal strength is occasionally required in a cahlft, 

, When the cable itself is placed uiid^T the &»^'>^'v)& , 
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of the press, it is tested in tliree different ways, It is | 
Btrained up to 11 '46 tons in the square inch sectional 
thB double section of the link. While for ahout three or 1 
minutes under this stress, tbe cable is subjected at diilerent pi 
of its length to blows from a round-faced hammor. Diffeq 
BLzed hammers are adopted in proportioa to the size of the ch 
and each fathom generally receives one blow, Each linl; is ti 
carefully examined. Two or three lints are broken up to del 
by its bluish tiuge, if the iron has been at-all burnt in the wa 
ing, and also to make some estimate of the quality of the ]* 
from the surface of tlie fracture, and the other appearances kui 
to engineers. Some difference of opinion also exists, botl^ 
Prance and in England, as to the amount of security afforded 
these tests, and whether the test of 1 1 'iS tons on the squaM * 
and mote especially the blows of the sledge, do or do sot ioj 

the cable 

" Now, there can be no doubt that the proof of 11 '46 ton 
the squai'e inch is not enough of itself to test the quality of 
workmanship, or, more definitely, the perfection of the ve 
For this reason Mr. E. Bowman advocated before the 1860 o 
mittee an increase of tho test. It is clear that, as the sidea 
only tested up to little more than 11'4G tons, and as they 
break at only, say, 24 tons to the square inch, less than I 
half the sectional area of the iron would stand the teat if ftpp 
only tensionally. As, however, through the cross-bending at 
at the two ends, the link slightly tends to assume the Bha| 
a lozenge, the weld is more severely tested than would at 
appear. There is a certain difficulty in detecting a bad > 
upon the nature of which some practical light has been thn 
by some experiments of Mr. Kirkaldy's on bars grooved n 
their circumferences. The matter generally had been previoi 
investigated by the writers on elasticity, but Mr. Sirkaldy 
the first to practically test the question. Bars grooved tt 
particular part down to a given diameter, gave a much hi{ 
ultimate breaking strength than bars of a diameter all thi 
equal to that at the leduced part of the grooved bar. The ■ 
parts on each side resisted the tendency to draw out, and a _ 
apparent strength was thus obtained. The extent of this appai 
i aa much oa 37^ ^er cent, in some of the piecac^ 
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the aTerage gave 1 8 "6 3 p*r eeut. ia favour of the grooTed apeci- 
men. Here, again, we see the falaitj of taking merely the break- 
ing streogtli into account, for although the breaking strengths 
e thus increased, the elongation and the contraction of area 
I attendant on elongation were proportionately less, It will thus 
1 )x seen that a lad weld may be impaired by a strain in excess 
] of the elastic limit due to the quality of the iron and the cross 
Dtianal area of the solid metal ; and that, although it is thus 
1, it may not abow signs of the injury. On the other hand, 
irity is given that a bad weld may be detected, from 
bet that rolled iron is well knawn to be somewhat hardened 
I hammered, and the welded-np aide of the link wuuld 
I extensible than the opposite parallel side, and 
i thereby be rather more strained. It is evident, however, 
' ' '. test can scarcely be too high for the welda alone, 
roof of more than 14 tons to the square inch, proposed by 
)avid, would clearly be too liigb for the cable, M. David, 
I, stated that he tested his cables up to this amount, but 
8 that the pressure he used was not accurately measured, 
there is no doubt that very few cables would stand the 
y proof if repeated sufficiently often, or if it were put on 
aed off a succession of times, upon the plan shown by Dr. 
it is, the permanent set taken by cables is, on an 
, from i feet to 6 feet in 90. But the best proof that 
igle application of the test for a short time does not injure 
a. cables, is seen in the ia,ct that it has been adopted all 
e world for more than 30 years. We ace, however, in a 
increase tlie proof -would evidently be to injure 
:, while the detection of a had weld has, in any case, to 
3 difficulties just meationed. These questions can 
kbe met by a most careful inspection of each individual link, 
ility of the iron can also ho very closely tested by breaking 
a or three links. The most searching tests, however, are 
r blows given while the chain is under tensiop. Adapt- 
k well-known and excellent illustration, this ivill be at once 
bit when we remember that a l|-inch chain cable, made of 
^ would give the same ultimate gradually-applied breaking 
a 1-incb iron cable, but it would not be likely to stand 
T test. On the other hand, a cable oS iiii^Tvi^t, 
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slthough not to be broken by the hammer, would at laat be ton 
in two by the press. In fact, the hammer teat approaches 
than any other to the kind of work that wiU have to be done by th 
cabie when at eea. Besides, the mere form of a chain renda 
it, per se, liable to coiitinua.1 shocks and jerks, and this 
be encountered by a special quality of material, and that thil 
material has really been used must be shown in the proving 
house." 

Mr. Paget proceeds to point out a few very interesting fi 
connected with the changes in the condition of iron throng 
changes in the temperatnre to which it is subjected; and, aflo 
stating that the points involved are of the utmost importance 
practice, he refers to the re-lesting of chain cables, on which h 
has the following ; — 

" The question as to the re-testing of cables that hare been i 
use ibr a certain time is yet unsettled, but the inquiry is of a 
less importance than that of the first testing. There are v 
applications of wrought-iron in which it is subjected to impu 
Btve Btreases, often more or less acuompanied by vibrations, i 
in which, nevertheless, the detail or structure has to confon 
to certain narrow limits of size and weight. Such is the 
with most applications of chains ; for instance, to cranes, indi 
forge-slings, &c Such is the case, also, more or less, with r 
way axles, the axles of carriages on rough common roads, tl 
g^a of helve hammers, the porter bars fixed to the blooms whi 
under the hammer, the iron wires of some pianofortes, and n 
similar applications of wrought-iron. The simple fact that onl 
one-half of the gradually-applied stress reqnired to produce V 
proof strain wiU, if applied suddenly, of itself produce the pro 
strain (which, if exceeded, would injure the piece), goes a ' 
■way in explaining the matter. Where great interests of life 4 
property are involved in the safe action of these applicationa 1 
iron, the irresistible logic of facts has aoinetinies caused preps 
tory allowances to be made for these ' fatigues of the metal' 
axles of the London omnibuses are stated to be always ren 
after having run a certain fixed mileage. This system ia 
carried out with the carriages of the Messageries G^neralea, 1i 
axles of which are changed after having run a limit of 40,0i' 
kilom^tiea. The Hononiable the Corporation of the '~ ' 
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House entirely renews all the moorings of the light ships every 

four years — one-fourth of the number yearly. This limit of time 

of the perfect efficiency of a good cable, well 

proportioned to its work, and in constant use day and night. 

Cables in ordinary ships are, of course, much less, or rather much 

more slowly, subject to deterioration. We have seen that M. 

Darid fixed the time after which a cable in ordinary use should 

tested at ten or twelve years. Mr. Macdonaid, of the Liver- 

testing-house, stated, before the 1860 committee, that he 

a cable after any long voyage — such as to India 

itralia. The late Mr, Green, the great abipowner, esplained 

waa done with the mooring tackle of all his ships. An 

lienced pilot, Mr. G. J. Thompson, said that it should be 

imperative to re-teat chain cables every six years, and Mr. 

fixed this limit at seven years. Mr. J. R. Clarke, how- 

the chief clerk of the store^ofBce, stated that there were many 

wand cables in store twenty years old. It is clear that it would 

"be very difficult to fix a limit of time that could be applied to 

lU classes of ships. The cables in the royal ships are scarcely 

BO often or so severely tried by use as those of some merchant 

1WBeI& A cable might remain goad for many years, and yet at 

last be injured in a single storm. Apart from accidents, such as 

■farftsion on rocks, or against a sharp-cornered anchor-stock, or 

Ittnilar causes, there are three main conditiona afiecting the dura- 

^Vozi of cables, and furthering their progressive deterioration un- 

wear — Pirat, the friction and abrasion at the crowns ; second, 

[ XDst and corrosion by the sea water ; third, undue strains on the 

[•Dftble, and in excess of the compressive and tensile elastic limits 

I 'faf the materials. The average amount of abrasion and conae- 

^telent wear at the crowns could only be determined by a statisti- 

C4nl comparison of the deterioration of a number of cables, worked 

FiiiMler similar circumstances, through a certain period of time. 

f'Xo iiill observation of this kind aeema to have been yet made. 

r^ie same appears to be the case with the deterioration of iron 

r^ablee by rust and corrosion. Mr. MaUet has observed ' that the 

I MMtallic destruction by corrosion of iron in sea water is a maxi- 

■ ^tanm in clear sea water of the temperature of 116° Fahr., that 

' it is nearly as great in foul sea water, and is a minimmn m de^\ 

river wat«r,' It aiao appeua that the finer a.nd u.\ot« let^ii^t^u 
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the quality of the iron, the glower is its corrosion. The altet 
tive action of the air and the sea 'water on ordinapy cables n 
have great influence in their deterioration. Again, at a dq 
of, say, 100 fathoms, there -would be a pressure of nearly 17 % 
on the equare foot, and this pressure would Beoich out any d 
crevice, or any slightly defective weld that had escaped the t 
It is at these places that the corrosive action of the water is n 
felt. It is a. well- ascertained fact that the spongy mass of a 
chanically- compressed crystals we call wronght-iron is poiona' 
water can be forced through it at comparatively moderate pi 
sures. It is also well known that the hydrated oxide of if 
term rust performs the part of an electro-negative element wh 
in contact with metallic iron, which is then electro-pOBtii 
When iron is rusting in the air, the moisture of the atmogihl 
is the exciting liquid, but this voltaic action must be grestlyi 
tensified in the presence of sea water. I have noticed the i 
resting fact — which deserves more investigation than I have 
been able to give it — that in the links of a great number of d 
the wrought-iron is much more eaten away at the sides, n" 
is in contact with the cast-iron cross-stay. The satne action i 
stated, in a number of the Times of last year, to have bean I 
served on the wrought-iron tie-rods in contact with the plate* 
H cast-iron sea water tank which hurst last June at Woolin 
I had lat«1y occasion to examine a number of old chains li 
they had been cleaned, and after the rust bad been knocked ' 
with a hammer. All the cast-iron cross-stays, almost wit^ 
an exception, were slack. Each link was thus temporarilj; 
duced to the condition of an unstayed link, the ultimate ei 
of which, compared with a stayed link, is generally taken to 
in the ratio of 7 to 9, Wben the cable is in use, the p 
of this undoubtedly voltaic action in weakening them will 
aided by mechanical causes. The rust generated between I 
cross-stay and the sides of the link will be more or I 
washed out by the surge of the cables a sulBcient longid 
nal stress would cause the virtually unstayed link to collapw 
the stay ; the sea water would again search out the chinks ; wa 
again decompose the material; and the deterioration of the a 
thus chemically and mechariically weakened, would pro 
1 ^atfraaoe in eucceHdve mcIBm.l4'a^A \\vt& tfoutd len" 
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destruetion a mere matter of lime. This action would be, of 
course, more felt in a uable in constant uae, such aa those of the 
Honourable the Corporation of Trinity House ; and whether zinc- 
ing, which is stated by Dr. Percy to prevent rust, would be of 
r whether other means, which will doubtless occur to 
many hern, might prevent, or at least modify, this action, is per- 
haps a question worthy of investigation by the able men com- 
prising the Trinity Board. There is, however, no need to search 
unongst the mysterious forces of nature for the main cau^e that 
leads to the ultimate destruetion of a cable, or of any other ap- 
plication of iron, under like coiwiitiona. The primary cause of 
tile destruction of a cable ia simply due to the limit of elasticity 
oE its material being exceeded. All chains are, by their very 
structure and special uses^ subject to jerks and shocks; any country 
blacksmith knows that a chain that can stand a dead pull would 
give way under the same weight ii suddenly appHed; and we all 
know that a careless labourer at the winch handle of a crane aome- 
s breaks down a good chain by a heedless jerk. Little more 
&aa 3^ tons to the square inch, if suddenly apphed, would at 
once bring on the proof strain of 11 '46 tons; and although the 
dead weight of a cable is its great safeguard — so much ao, in &ct, 
Ihat if the cable out of the hawser could be weighted at different 
parts of its length, this would bo an advantage — yet, nevertheless, 
,&a safe load of about 2^ tons, under an impulsive stress, to the 
<quarc inch, must be often exceeded in practice. The safe load 
under an impulsive stress is, in truth, rather less, aa the assump- 
I based upon the usual notion, which assimUatea a crosa 
jAayed link to a couple of bars. 

" Whatever be the internal effect of the lateral contraction m 
hiced by excessive tensile strains, it would be of the utmoot 
mportance to settle, once and fur all, whether re anneahmj can 
»Batore the living force of resistance of iron, and, therefore, of a 
'«able, Mr. T. M. Gladstone, C.E., recommended this plan he- 
I the committee of 1860. Mr. Smale, then of Woolwich, 
1 that this would bo like Bumetising rotten wood. Dr. Noad, 
1 a letter to the Times, about eight years ago, stated that he 
i taken away the brittleness of an old chain by keeping it for 
(nty-fonr hours in a furnace. The late Mr. Glynn tw,wa- 
i Hmt a crane chain should be auDealeii eveij l\ix&& '3eas&. 
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At the North Roskear min«, in Comwult, it is stated hy 1 
Moissaaot that the pit chains are withdrawn from the abaft aft 
every aix months' use, are rolled in a heap, then covered with i 
sort of cylindrical furnace, and brought to a red heat Aecont 
ing to an account transUted Irom the Eussian into ihe Polytsdt 
nitehee Centralblatt, the chain cables for the Buasian g 
after being brought to a dark-red heat imnieiliately after testing 
are then tarred — a plan which is said to prevent rusting, as tl 
tar thua takea a Hrmer hold on the iron. But many things mi 
be done with churcoal iron that it nould not be safe to attemp 
with our ordinary iron. Bauiiriment appears to believe Uiat ai 
metals only acquire determinate qualities by proper anii RHliiig 
and that a cherry red heat is necessary for annealing wrougbb 
icon. According to the experiment by the Frankhn Institute 
wroBght-iroa is perfectly annealed at a clear bright red. Hb 
experiments of both Baudriment and the Franklin Institute shol 
that the ultimate tenacity of iron is considerably diminiahed 1^ 
annealing, but, unfortunately, in neither caae was the elongatin 
noticed. Poncelet has shown that his co-efficient T«, of el 
is increased with annealed-imn, but that the co-efficient of rop 
ture, Tr, is diminished. This refers to wires, and r 
experiments appear to have been yet made on the effect of ai 
Heeling on bars. It is a question whether the extra ductilitjf 
conferred on the hnks by the process of annealing wonld i 
wliile rendering them more ductile, at the same time lead to tbi 
changing their form. At any rate, at least some of the cast-ircq 
cross-stays would be rendered less able to withstand distortioil 
At the same time, the question ought to be settled, and to caUfli 
comparatively uninjured by corrosion, the process might prove a 
great value. The conditions of size in a cable are peculiailj 
favourable to the use of annealing. Great as the advantagi 
would be in the successful application of annealing to lai^ forg 
ings, there are several well-authenticated instances of i 
crystals being developed in the interior of the mass by the long 
□ontinned action of a red heat. General Morin thus mentions at 
instance of the production of crystals, with facets from four t( 
live millimetres in breadth, in a charcoal iron bar originally 6 
fine, soft, fibrous texture." 

48. The extended nss in piactioftl ei^imeraiug ai i 
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•fed min ropes — as in steam -ploughing, in collieciea, &c, &a., 
lendofs it of great importance that ail qiieetions affecting its 
rtwngtli and eooaomioal working should he weil uuderstooil 
The following ia an abstract; of an article from the 'Engineer,' 
which discusses in a very clear manner many of the most im- 
portant of these. Pot the article in exlenso see No. of Engineer 
ibrAwg. 26, 1864. 

" If a wire rope, instead of feeing a set of spirallj-laid wires, 
■were made of a bundle of parallel wires, only the wirea on the 
Ootaide would stretch when wound on a drum, and these wires 

ittlil, therefore, be broken, or at least strained in esoeaa of the 
of elasticity. The spiral fonu, however, by which one and 
wound in and out, equalises the tension for the 
The first wire ropes appear to have been made 
m Germany about thirty years i^o. They wore made without 
kny core, and of strands consisting of four wires each. The ab- 
nuce of a core required the use of wires of a email diameter, 
nd it also limited the size of the tope. It is difficult to make 
R rope of a rather large size, and it is scarcely possible to form a 
strand of a larger number of wires than four, without the use of 
icore. Theoorekeepa the spirals of wire in their places, and when 
ike core in a wire ropo gives way, & kink generally ibrms itself at 
tbe place, which easily leads to a rupture of the rope when it ie 
bant round the drum. A hempen cord, or a rather thicker wire, 
fiirms the core of the strands, while another hempen core is 
Jilaced in the centre of the rope. The strands form spirals round 
tiie core, which is straight. The tension on the tope increases 
Qie pitch of the spirals, while the core undei^oes a longitudinal 
atmin. It is pretty clear that, under ordinary conditions, the 
vm is more liable to give way, as it caimot yield so easily to 
the strain. It is not improbable that when, as with smoUer 
fcpea, no hempen core is used, a better rope would be made by 
tarefully putting more elastic iron or stee! towards the inside. 
Of course there is a great difFerenc* in the practice of the differ- 
mt maUets, and in the forms of ropes intended for different put- 
[MKOS. The Admitftlty wire ropes for standing rigging have 
been made for many years of a greater numbet of smaU. wires 
than ia used for ropes of equal girth made by private makers. 

' " ' ' inBtauBB, NewiiU and Co.'a ropea aie inaAa tA ^ 
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same number of wires for ropes of vfccy difFarent diameters, 1 
the thicknesses of the wires increass more rapidly, and at a n 
regular rate, than the Admii-alty ropo. An oniinary 3^-in. pil 
rope, for many purposes, is generally made of sis strands of a 
wires each ; and a 3-ia gijth tope is sometime 
strands of nine wires each. Eoand wire ropea, Tery commoid 
employed in Cornwall, are of 3^-in., 4-in., and i^in. girfi 
i'lat wire ropes are united bj means of annealed wire threads i 
and out of the strands. 

"The breaking strengths of wire ropes by different mflnnf 
turers vary very considerably, and some experiments made i 
Liverpool show a difference in the proportion of 15'0, 16'J 
]8'39, and 20'45 for wire ropes of the same size from diffen 
makers. The greater number of these breakages took place I 
the splices, which, on an average, appear to cause a less of abo 
13 per cent, in the total breaking strength of the rope. " 
most trustworthy experiments as to breaking strain are t 
made years ago by the order of the Admiralty on galvanin 
round wire rope for rigging. These strengths give what a " 
of rope should stand when placed in the hydraulic tealiDg o 
chine. A printed card, now before v.s, by an eminent i 
shows on comparison a suspicions difference in the namben 
gives as the ' Admiralty test,' and a more correct table i 
possession. It is needless to say that some of the brc 
strengths are given lower than those required by the Admiiidit 
and in the smaUer numbers this amounts to a considerable k 
The Admiralty table gives the strength of a galvanised wiie ii 
of 2-in. girth as equivalent to that of a i-in. chain, via., & bpo 
ing strength of 6*35 tons ; h rope of 4-ia girth ae equivalent I 
a 3^ chain, or a breaking strength of 19'30 tons. In all tiiet 
cases, elongation — that indispensable element in a true e; 
of the strength of materials — is neglected, or at least not p 
The same is the case in the very few experiments that I 
been ma<le and published on the strength of steel wire r 
The breaking strength of 3-iii. galvanised iron wire rope a gj 
by the Admiralty experiments at 12 tons, but, according tofll 
periments at Liverpool, some steel wire rope, made of C 
I patent puddled steel, only broke at IG tons S cwt. 

F tlie tftlilfia a£ t^ft (Ahi%a^^ ol «b!«.l ^inie lope^ « 
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with that of iron wire, issued by the different raakpre, wDl show 
that the girth of steel wire rope ia generally one-t/n'nl less than 
&at of iron wire rope of equal strength. These results have also 
been eonlirmed by some experiments made in Germany. Iron 
wire rope has generally rather more than half the weight of 
hemr^^n rope of the SEime breaking strength, 

'■ While the strength of a wire rope depends upon the quality 
of the wire, and of the numul'actiire, its duration will depend 
upon the core taken in ita usage, and the mechanical provisiona 
against any undue strains. The temporary elongation under 
stress of wire ropes has not been esactly measured, hut it is cer- 
tun that this elongation is slight The power of resistance iii 
wire rope is thus small, and this partly accounts for the remark- 
ably high factor of safety allowed for wire ropes in their ordinary 
^hcations, M. Moissenet's careful observations in the mines 
*f Cornwall show that the wire ropes there employed are not 
loitded with aa much as 15 per cent, of the breaking load. In 
die tables issued by the different makers, the ratios of working 
,Ioad to breaking strength approximate very closely to this amount ; 
,int with smaller ropes, such as those of 1 iiu or 3 in, girth, the 
ftHiO of working to breaking load ia given at about one-seventh, 
iitr^Iecting the weight of the rope itself it ia not loaded with 
mrae than one-twelfth of its breaking strength in the very care- 
Ill^ conducted ooUieriea of GSermany. The weight of the cages, 
md of the coal and trams, ia taken as a static load ; but of course 
ihe rope, in the ascent and descent of the cage, is subjected to a 
TMiety of impulsive forces, which are only slightly absorbed by 
the resilience of the tope itself There is, however, some elasti- 
city in the pine-wood balks carrying the pit drums, and there is 
abo generally a draw-spring between the tope and the cage. All 
Mna does not entirely prevent injury to the rope in the immediate 
lOMghbonrhood of the cage. Before the cage-guides, in which the 
CBgfe is now made to shde, came into genei'al use, the employment 
<at wira ropes had in many cases to be given up, on account of 
Uie jerking to and fro of the cage in the pit bringing injurious 
•dHuns on the rope. Similar jerks, producing similar effects on 
the wire rope in the immediate neighbourhood of the steam 
plough, are also there felt, and more especially when ^\ou^\iiB% 
* or etouy laud A siupensiou bridge uuviQ oi Vvn "Kf^ 
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would also have to undergo a somewhat similar action if { 
under tUo influence of such moving loads aa a railway trains 
a body of troops in marching order. One of tbe great adu 
tagea of steel wire rope, heaideB the gain in strength of one 
and consequent diminution of its weight to the same amoi 
its superior elasticity. A rope made of steel wire at once r> 
to its former shape after being bent, which is nut always the a 
with iron wire tope, eapeeitdly if the iron be rather aofL Wl 
in the form of wire, iron is peculiarly subject to injury by b 
bent. The bending to and fro of the rope has great influa 
on its deterioration, and this influence is much less felt i 
steeL In this r^ard the diameter of the drums cannot be n 
too larga Steel is also much less liable to injury by rusi 
compariaon with iron. The very great surface presented by n 
rope to the atmosphere renders rust one of the most importi 
influences towards its deterioration and ultimate destruction, 
simple calculation will show tbe yery great influence that a ci 
paratively small amount of rust has on the strength of wir^ B 
when once rust hej^a to form itself^ its progress is furtheiecL 
a. galvanic action between itself and the metaL Miners are v 
careful to keep their wire ropes well covered with a compofflt* 
which sometimes consists of |tha of rosin, jths oil, and ^ " 
and the amount increases the weight of the rope by abont o 
tenth. The st«el ropes need in steam ploughing suffer very m 
from corrosion, and particularly if a rope be stowed away i] 
wet state. The liability to corrosion has been the great imp) 
ment to the use of wire rope for suspension bridges ; but i 
stated, that Mr. Koeblinf;, the builder of the wire rope bii 
of S^iagara Falls, has discovered a kind of enamel, the eomp 
tion of which is his secret, and which he has apphed to t 
bridge. We do not know whether this coating would answec 
ropes working on drums. In addition to preserving ropes b. 
rust, grease must aiao act in increasing the flexibility of ropes 
the wires can thus glide to and fro with less friction, and ia I 
way also the duration of the rope may be increased by a 
lubrication. The duration of wire roped is thus affected by M 
iety of circumstances that the results of no two I0p«8 1 
id in different pits could exactly agree. It is seldom U 
}, weU.-piopoib\ona4 to its vork, working on 6 
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large liimneter, and kept in a well lubricated state, lasts much 
longer than three year* M. Moiasenet cites the case of the South 
Francis mine, where they wind from two ehafts in conjunction. 
One, Marriotf a shaft, is vertical for 30 fathoms, and then under- 
lies at the rate of 18 in. in the fathom to the bottom, which is 
17S fathoms deep. The second, Pascoe'a shaft, is vertical for 
54 fathoms, when it underlies 2 ft. in a fathom for 6 fathoms. 
It is again vertical to the 84th fathom level, from which it again 
imdeilies at the rate of 3 ft, to a fathom, to the bottom (116 
&thoma). In October, 1861, the quantity of stuff wound up 
was 1,100 tons, from an average depth of 126 fathoms. At the 
greatest depth the rope would ha,ve a maximum load of 14 per 
cent of the breaking strain. When M. Moissenet inspected 
Pascoe's abaft, the rope had been in use for three years, and was 
(till in good condition. In Karsten's Arehiv (2 Reihe, xiv., 110), 
&ere is an account of an experiment, by a Her Kluti!, on wire 
rope niLide of wire thoroughly annealed previous to being worked 
into rope. These ropes only lasted from sis to twelve months, 
while ropes made of unannealed wire lasted, under similar con- 
ditions, eleven, thirteen, and seventeen months. The ropes of 
annealed wire had, however, much more elasticity, and were not 
eo subject to breaking. 

" One of the most striking things in steam ploughing to a 
mechanic, are the extraordinary distances — 400 or 600 yards, or 
mote — to which the power is carried by means of the steel wire 
npe. A careful and extensive series of experiments, conducted 
hy two French engineers, and described in the April number of 
the Biilltitin de la Societi Induetrielle de Mulhowe throw dis- 
ttnot light on this matter. They found that : — 1. The losses of 
efiect in transmitting power by means of wire rope were very 
tunall compared with the losses of effect in conveying power by 
ordinary shafting ; 2. The losses mainly occur in the friction of 
the bearings of the drums ; 3. They are independent of the 
MBonnt of the power conveyed, but increase directly as the 
■peeds ; 4. They are not in proportion to the length of the com- 
llwmication, but the losses of etfoct that occur in longer lengths 
mply take place in the friction of the bearings of the guiding 
These exact experimental deductions confirm thatwo^ 
vkIbcIi m^fat be formed by an en^neex \QEi9«^Q:&% »■ 
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steam- pIoYighing field. Wire ropes are used in. aoaie parts of ( 
Continetit to convey power to such distancea as 800, and « 
4.000 feet. Fifteen horse power have thus teen conveyed 
distance of 1,900 feet, with a loss of only 3-horae power; 
64-horae power have been taken 800 ft. with only S-horse pow 
of loss, 

" It ia much to be regretted that in measuring wire some nn 
definite standard than the mysterious measures of the Bim ' 
ham wire gauge is not adopted. There can be no doiibt that 1 
discrepancies in breaking strength we have noticed between I 
wire ropes made by different makers are to soma extent doB' 
inaccuracies affecting the diameters of the wires. "What can 
more unsystematic than the indefinite marks ranging irom '00( 
to No. 36 of the Birmingham wire gauge 1 From the want a 
definite numeric standard, referable to a standard measure, nui 
' Birmingham wire-gauges ' in common use diifer from each oth 
Then there is the Birmingham gauge for sheet metals, and I 
Lancashire gauge for steel wires, affording together a total 
nearly 200 undefined dimensions. Xor are these sufficient ; 
nearly every trade has some special arbitrary gauge of its oi 
such as those of the button-makers, the nail-makers, and g 
makers. But none of tlieae gauges are so indefinite as tho "fb 
and 'hare' dimensions that are still to be seen on the drawil 
of some ibst-class works. The Permissive Bill for the i 
metric measures, passed this session, would appear to point tt 
remedy for these abuses. At any rate, it would be easy to I 
termine, once and for all, tlie exact values of the fiirminglH 



49. While iron has been muck iised in Ike rigging of akipa,t 
substitute for hemp ropes, it is but comparatively recent that it 
been adopted for the spars. Hr, J. O. I^wrie of Glaigow, (I 
before the Scottish Shipbuilders Society, a paper on iron and 4 
»para, of which we here give an abstract We regret that ^ 
precludes our giving the discussion which followed the reading 
thepaper, or the very excellent and valuable "notes,'' "t&ble^'' 
' " with which the report is enriched. We can 
y refer the reader to the pages of the "Engineer," under 
t, 2d, 1864, where he will iind these given in full " '. 
g tba pcopnety oi m&uig iron, emi steel aptua ia 
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for those of timber, it ia desirable to compare their strength ; and 
for that purpose we take the fore-mrwt and lower yard of a ship 
of 1,000 tons register, and these spurs are selected in illiistraCion 
of the different descriptions of spars, Tlie mast measures 77 ft 
9 in. bng, x 30 ijL at the partners, and the yard 74 ft. 9 in. 
long, X 18^ in. in the slings. TLe mast is of iron, and not 
etee), the thickness of the plates being -j'frths of an inch at. the 
partners, tapered to -fgths of an inch at the^head and heel, hav- 
ing the longitudinal seams double riveted, the butts of the ^in. 
plates quadruple riveted, and of the -^-in. plates triple riveted, 
with butt straps -^th. of an inch thicker than the plates, by 18 
in, and 15 in. wide respectively, for the quadruple and triple ri- 
veting. The yard is of steel, the thickness of the plates being 
Y^ths of an inch at the slings, tapered to ^ths of an inch at the 
arms — having the longitudinal seams single riveted, the butts of 
the i^ia. plates triple riveted, aad the remainder double rivet- 
ed, tlie plates overlapping the butts. 

" The strength of a timber mast plainly depends most materially 
on the quality of the timber, and its freeness from defects, whether 
apparent or latent. The strength of a built timber mast is not 
greater than that of a solid mast, except to the extent that it is 
freer of flaws, and made of perhaps sounder timber, because 
smaller. It must not be forgot, however, that the strength of a 
bailt timber mast ia lessened by the bolts for fastening the logs 
together. Assuming that tlie timber of which the mast is made, 
U such that a piece 12 in. square and 13 ft, long between the 
supports, would carry safely seven tons on the centre, the strength 
□f a timber mast is nearly as much as that of an iron mast, made, 
as above described, of iron which will carry safely in extension 
(dglit tons to the square inch, the iron most beuig oue-half per 
cant, stronger than the timber mast. Fitch pine selected ought 
to carry seven tons on the centre of a beam 1 2 in. square and 1 2 
ft. between the anppork, when it is new; but it is impossible to 
blow how many mast pieces are o£ that quality, nor 1 
they will continue to be so. 

" Assuming that the timber yard is made of this quality of 

timber, and that tlie steel yard is made, as above described, of 

tteel which will carry safely in extension thirteen tons to the 

^^nare uich, the steel yard is nearly twice aa ationgaa ^i^ \A>:^^Q«.t 



ENGINEERING FACTS. 



LDi' 



yard — the steel yard being stronger tbaji. the timber yard L 
proportion of 19 t« 10. 

"Another important inquiry in the comparison of iron ■ 
eteel spars with those of timber is their relative weight. 

" The pitch pine solid mast weighs 6 tons 3 cwt. nearly; t 
built timber mast, 6 tons 1 3^ cwt. ; and the iron mast, S 1 

"The pitch pine solid yard weighs 1 ton 16 cwt.; the b 
timber yard, 1 ton 19^ cwt ; and the steel yard, 1 ton 13 cwt 

" In these calcolationfi of -weight, the pitch pine ia taken at ' 
lb. to the cube foot, which the writer believes ia below the aven 
weight of that timber, and the advantage of L'ghtnees is 
i'ore even more in favour of iron and steel spars than a 
from these statements. 

" Another matter for comparison is the durabihty of spars. 

" If iron masts are kept properly painted, there ia ecarcelf 
limit to their last There is no difficulty in painting themexb 
nally, ndr is it insuperable to repaint lower masts internally, eith 
by an apparatus contrived for the purpose, or, as their d' 
eter is considerable, by a painter being let down inside. W 
respect to all the other spars, whether of iron or steel, none 
which are used, like the lower masts, as ventilators, they I 
eaaUy painted externally from time to time; and if they i 
plugged air-tight, so as to exclude the action of the atmosphB 
the original painting will continue good, and renewal will 
rarely necessary. 

" When iron or steel spars are new, their eoundneaa ia knOT 
as the quaHty and condition of the material ia tolerably ^ 
ascertained in making the spars; and when the spars an 
new their condition and strength are easily examined, 
aoundneaa of timber spars, on the other hand, is by no meai 
easily known or maintained. In the first instance there is 
siderable uncertainty about the soundness of any spar piee^ n 
withstanding all the examination that call be made; and btob 
Bound when new, the durability is in no case equal to that d 
plate of iron or steeL There is, besides, a great differenca in ' 

it of different spar pieces, owing either to original quality 01 
arising from exposure to different cKmates ; and the W 
h June spu may be ^at at from five to fifteen y"™-^ 
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" Tliua it win be acknowledged that, while at any time the 
Conditinn of iron or steel spara is easily ascertained, it is difficult 
to know with certainty the condition of any timber Bpar, espe- 
cially after it has been in use for some time ; and in sending a 
ship to sea with the one kind of apaiB or with the other, there is 
ftll the difference betwixt knowing precisely the fitness of the one, 
End knowing almost nothing about the fitneaa of the other — a 
difference that is most important to tmderwriters, and eventually 
to shipnwners. 

" There is a fourth important element in the comparison of the 
8puB — ' the coat.' 

" The price of iron, or steel, or timber spars plainly depends, 
to some extent, on the price of iron, steel, and timber, and these 
rary from time to time. In the calculations for this paper, which 
He given in detail iit a note, the prices of theise articles are taken 
H follows ; — 



"And with these prices the following are the results : — 






— showing a large advantt^ in the iron and steel spars. It is 
tme that this adTaot^e wUI be somewhat modified by the 
ohangea that occur in the price of material ; but, by an examina- 
tion of the detail of the calculations, it appears that the advantage 
will naually he not lees in favour of the iron and steel spars than 
these figures indicate. 

" Thus, in strength, weight, durability, and coat, it would ap- 
' that timber epars are much behind those of iron and BteeL 
111 B, ship of 1,000 tons the difference of weight for lower 
and boweprit of iron; top-naasts, lower yards, double fore 
topsail yarde, and single mizen topaail yard, of steel, 
be about 7 tons 17 cwt., and the difference of cost will be 
), being a saving to the sMpowneT vil V^^ ^ec. "vsti. 



^1 

224 EfOINEERING FACTS. [ 

" The use of iron anil steel apata lias l>een for some ti 
dually making way ; but recently the Ecarcity and price i 
pine has induced thett more rapid introduction than woi 
bably, in other circumstances, have taken place — a result 
from the American war ; and there ace grounds now to belie 
for the future, pitch pine, or any other kind of timber spt 
not again he in demand. No doubt, Bome men will, for 
prefer timber spars to those of iron and steel, just as 
when timber diips and hemp cables were being supplat 
those of iron; hut it appears to the writer that, without 
iiig the cliange much, these men will only perform the ■ 
mile-posts, by marking ita progress, asid that there seeou 
no doubt that the d^ye of large or heavy timber sp 
numbered." 
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60. Our railway aystem has grown into such gigantic dim 
that it has assumed a power social — and shall we say poL 
iar esceedirg that which even ita most sanguine suppoi 
the early days of its history, ever dreamed it likely to ] 
Piactically a gigantic monopoly of the transit of pasaengera 
the goods of our commerce and manufactures, it is evidei 
cumbent upon the pubhc to see that this monopoly is ei 
in a way fair to the interests of the public; and that eve 
should be done which can be done, to make the interests 
public well served in all that respects the safety as well 
economy of ti'avellitig. That railway reform is really, in 
cases, needed, is true enough, although it is also true th 
way directors do not deserve ail the blame which is throw 
them by an impatient public. On the subject of railway 
and specially upon the " Irim "f trains in transit" the '. 
has the following ; — 

" The two modes of ensuring something like safety to 

I, to which we lately drew attention as probably the 1: 

~ if, whw^ ^"^ ^ ausseated, namely, eithai as 
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be&t along the train, or, short of tLat, glass compartments, 
(••both been adopted by the Eoard of Trade ia a circular just 
reed to the wcretariea of railways. In this communication the 
rda of the committee of Privy Council for Trade, by their ae- 
Blary, Mr. Booth, say ; — 

"'Several expedients have been suggested, as calculated, b 
me degree, to further the desired object 

" ' One expedieut for guarding against offences in railway* 
mages which has been, proposed, is that of placing windowi I 
itween the coiapartmeuts of each carriage. As these windowi I 
aght be provided with cmtains ()), the privacy of the earriagoi ^ 
ted not ordinarily be interfered with, 

" ' As an expedient for providing means of communication be- 
ircen the guard and the pasnengers, it has been suggested that 
ruy vehicle forming part of a passenger train should be fur- 
iiiied with a footboard and handraiis, which would admit of tha J 
Brd (or, in case of emergency, other persons) passing along the I 
aiu. ■ 

" ' It appears to my lords deserving of consideration whether 
lis expedient, guarded, of course, by carefully-framed regulations 
' prevent abuse, might not be generally adopted with very bene- 
1^ effects. 

" ' Tlie use a cord running along the train, by means of which J 
IB guard can attract the attention of the engine.-driver, has r 
asted on some lines so long as to prove that there is no d 
llty in ite application. 

" ' I am to reijueat that my lords may be favoured with the 
BDJon of the directors as to the practical value of arrangemente 
' the nature specified, and also with any suggestions which the 
rectors may think adapted to accomplish the ends which ray 
ids have in view. 

" ' I am also to request that my lords may be informed wh^ ' 
nna are in practice on your line for effecting communication be- 
teen different portions of a train whQe in motion.' 

" It is to be earnestly hoped that thia communication will lead 

a complete reform in the present nml-arcangements. Indeed, 
tnetkixig must be done. The public will not submit any longer 

be robbed and murdered merely that the pockets of railwa.'j 
Bholders may be spared. Should railway dvreiitOtB xeWaft Vi 
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do aajthing effectual now, tliey may find IheniEelvas in 
very pleasant predicament *)i teing chained with being & 
before the fact, to some of those great crimes which are ( 
rendered possible hy their inexcusable neglect to provide 
public with the aure means of preventing them. 

" Before many yearn have paased, indeed, the workiog mani 
ment of our railways lauat be greatly changed and improva 
more waye than one, in order to prevent a. laigfl and increai 
loss of human life and damage to human limbs. To 
extent the railway system is spreading in all directions, and' 
apacea which at one time were thought far more than saSia 
for any traffic which might be required at termini, stationer 
junctions, are now found to be dangerously restricted, 
instances the chief stations have become crowded scenes of i 
fusion, and the junctions places of extreme danger; lake, ft 
stance, the Stepney junction on the North London Baill 
through which the trains run to and fro in various direct' 
with startling rapidity, (we would like to know how many ti 
pass the platform in a day, and the average number of min 
which elapse between each). It is clear to the moat casual 
server, that, in order to prevent some terrible calamity, everyU 
depends upon the vigilance of two or three persons : a dl 
instance of want of carefulness or watchfulness on their par 
the least failure in the signals, must inevitably lead to ael 
damage. We are bound so say, however, that this station M 
to he managed with both ability and watchfulness ; tind that 
master, in his activity and politeness, ia a sort of Palmeista 
station-managers. It is satisfactory to observe, throughout 
length of this line, the improved civility of all the officii^ 
since, in years past, we were obliged more than once to con^ 
of want of attention and rudeness of manner. The annoniuKO 
of the various stations is also far more distinct than forn 
But it is not specially with those who have direction of ni 
traffic that we have now partienlirly to do, it is rather wiUl 
general system, which causes conjestion and confuuon 1 
many points, — which, in an ill-judged spirit of economy, a 
one junction or station to be applied to far too many nee^ 
prevents the introduction of necessary alterations in carriagai 
■^g"t)'^ The iindeipa.^ei\*ii imd Q^Qiwarking of thoa^a 
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1 whom, in the present rtate of affaire, the lives of the pubhc 
re mainly intrusted, is another point urgently neeJiiig reform. 

""When glancing at the growth of the English railways, it ia 
orth while to remark, that all the arrangemeuta were, in a great 
leasure, the cesuit of chance, and the offspring of necessities 
■hioh were developed by degrees, as an entirely new plan of 
(nvejance was brought into working trim. Just as the noblest 
rdeia of our architecture are the development and improvement 
f tile simple and rude wooden houses of antirjuity, so the car- 
■ges, i&c., on our railways are the promptings of pecuhar re- 
niiementa, which however, in principle, have been but little 
tuoiged. When George Stephenson planned the Stockton and 
^sdington railway, it was intended, almost entirely, for the 
Bftveyance of coal and other minerals. It was little thought, in 
tose days, that the railway would supersede the stage-coach in 
tia conveyance of possengere ; but when this line was opened, 
lotkpeople and persons going to and fro on market-days, availed 
bemselves, in the first instance, of a passage on the trucks, 
itthout payments The demand for this manner of travelling 
tddenly increased, and a charge was made; bnt, for a long time, 
inre 'were not even covered carriages for passengers, althongh 
ft goods which required care covered vans were provided, which 
lecB made without any attempt at ornament, or the picturesque 
I ibnn. They were simply large boxes made of sufficient 
tiNigth to suit the intended purpose; and even now the cliief 
rUt of the railway passenger-carriages have been but little 
banged in their general plan. In England, where the railway 
jntem was originated and brought into yorking order, the 
msgemetit of the carriages is not so good as in many places 
broad, where improvements on our more antiquated system have 
wn made. Here we, by chance, were led to adopt a plan of 
\m moment, and have stuck to it, repudiating improvement. It 
(to this that attention should now be especially directed: the 
i^oua incidents which have excited the public notice during 
la lost month or two, show the necessity for this; and the 
tgaa of the newspapers contain all kinds of suggestions of means 
luneeting the evil. The chief difficulty seems to be the cost 
jbich would be required to alter the carriages now in use, Qr tfl 

' I thetu with those ot a better conattucVum ', \)U^i ^ \'<>^ 
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have eaiil, something mugi be done ; and it is to be hoped 
Board of Trade will peraiflt in the effort to induce raili 
Jirectora to do what is so urgently requisite." 

fi I. Mr. Bridges Adams, the weil-known engineer, has done 
public good service by drawing attention to many points of i 
fij railway reform. On this subject he has recently been writ 
a series of most suggestive articles in the " Scientific Jterientj 
from one of which we take the following on carriage^ Sec :- 

" With regard to trains — i. e., carriages and waggons for 
conveyance of passengers and goods, bo aa to reduce their re 
ance to the minimum, and giTe the greatest comfort and com 
ence — there are several principles to recognise. First, to ob 
in each vehicle the greatest amount of floor area with a gi 
number of wheels ; for the laiger and longer the vehicle 
steadier it will he, and the le^ will be the proportionate c 
weight. Moreover, in case of collision, the damage will be ' 
fined to fracturing the portion struck ; for the carriages, if et 
great length, will not be thurst upwards from the rails and mount 
on each other in a broken Iieap, aa is the case with short cai^ 
riagea ; nor will they, on any of the linas, act ao mischievously m 
short carriagea ; nor will they offer so much resistance to an* 
favourable head or aide winds. The length need only he limited 
by the capacity for going round curves, and they may be oon- 
stmcted forty to fifty feet in length, while perfectly adapted fet 
curves of two chains radius, the axles all working radially to 
and rectangularly to straight linea As a rule, long ca 
may be made proportionatoij wider to the gauge of the 
than short ones, and there is no difficulty in making them doul 
the width of the gauge. 

"This would, on the 4 ft. S-J in. gauge, give carriages 9 ft, 
in. total width ; but there ia another consideration : the 1 
8^ in. gauge was originally adopted because that was thn widi 

in roads, measuring to the outaides of the tyi 
Thai this would not have be«n the width had the question 
better understood, we may assume from the fact that the 
engineers who made the i ft. 8^ in. gauge for England have 
a 5 ft. 6 in. gauge for India ; and there is no doubt that thai 
ft. 6 in. gives a better proportion for the structure of locomotii 
1, BltbOBgh skill and contrivance can accomplish the< 
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ture of good engines on the 4 ft. 8j in. And thus, tlie earlier 
roads having be«n made to the narrow gauge, the othera have 
followed suit, with the exception of the Great Western system ; 
for a break of gauge has heen genexallj held to be an unmixed 
evil. And so it is if the traffic he all of one kind. But if we 
once admit that it is desirable, on the Eoore of safety and cuii- 
TBuience, to use separate lines for fast passenger traffic, the hreak 
of gauge becomes at once desirable, in order to prevent the possi- 
bility of irregularities ; for we may be assured that indications of 
gain will infalUbly overcome the warnings of risk where they 
interfere. If the law should determine that it is desirable to 
have separate passenger lines, it would be desirable to have for 
them the 5 ft. 6 in. gauge, 

" In this case it would be practicable to use vehicles 50 feet 
long by 1 1 feet wide, containing abont 1 80 square yards of floor 
Isrea. This space would contain about 154 third-class passengers, 
Of 120 second-ciass passengers, or SO first-class. But if a com- 
llUttnication is to he kept up between guard and engine-driver and 
passengers throughout the train, the only effective method is hy 
k central passa^ way throughout the train, with sliding doors at 
the ends of each carri^e; and, in such case, the passengers would 
In reduced to 133 third-class, 100 second-class, and 64 first-class 
• — the third being open throughout ; the second partitioned off 
half height, Kke pews in a church ; and the first Laving closed 
^abine for four persons each on either side the passage way. Thus, 
iktae carriages would contain about 300 passengers, home on 24 
els. Or one composite might take 16 gist-cIass, 36 second, 
66 third; total, 108. 

In these arrangements the chances of murder or robbery 
ronld ha removed — assistance could he given in case of iUness, 
" there might be a closet in the train. Moreover, the commu- 
ition with the engine would give the practicability of warming 
[Hpes ; and hot tea and coffee or other refreshments to the pas- 
le^iers, by having a steward on board for long journeys. All 
)we things would remove the necessity for frequent stoppages, 
hd very rapid travelling might be aocomphshed. Gas for light- 
^_„ is now a common tiling in vehicles, and need not be dwelt on. 
p "Long and wide carriages are commonly used in Ametwa, tWQ.- 
■taeted on what is conuuoniy ^knowrt aa the Bof^ejf '^mui:£v^\e. — 
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('. e,, a group of fonr wheolH, veiy close together, 13 attached 
the carriage at each end — the body and frame being Bupportedl 
a central point equidistant from the four wheels, and the Bpift 
are rarely efficient. The wheels are very close together, 
swivel round on the centre pivot, being guided only by the r, 
In this arrangement there ia a tendency on curves for the lead 
wheels to grind against the outer rail, causing the axles to re 
and place themselves abnornaal to the curves. And it is neemi 
to make the centre framings of the body, and also of the bo^ 
very strong, in order to carry the load. But it is very praoticil 
to suspend the framework by elastic springs from the ajtle-hoB 
with long Bwingiag shackles, and guide the wheels by cnffl 
quadrants, so aa to make the movement of the wheels e 
true, and keep the axles normal to the curves and straight lid 
And by this mode the load may be suspended equally bel 
the four wheels, so aa to divide the load and prevent blows. 
brakes may be. attached to the wheel frames following the co 
of the wheels on curved lines, and preventing all jar on the b 
— the brakes being made either self-acting, or being worked 1 
the engine-driver, so as to l^eave the guard wholly free to ti 
to bis business with the passengers and lugg^e; and the w 
may, by proper construction of theji tires, be made to revolve j< 
as much or as little^ separately, as is needful to prevent sHpi 
grind. 

" What holds good of passenger carriages holds good of wagg 
also — the longer and larger they can ha made the better, provil 
the wheels are so guided as to run true on curves and stta^ 
lines. Long timber or iron bars, or boilers, or machinery, m^ 
thus bo carried, without the clumsy arrangement of eaddlefl ' 
separate waggons. And coals may he carried in bulk with gi 
advantage, especially with good and efficient springs; for' 
amount of waste in coal is very great by the hard and DM 
movement of ordinary waggons; aud, moreover, the reaistanci 
traction is thus materially lessened 

" We think that there can he no doubt of the desirabili^ 
making locomotive engines single machines, instead of dnplia 
1 with tenders, for the obvious reason that they may I 
'X end foremost with equal facility; and that varying 
Bi^ne — &ot \^ di!i\in\i\i!dfin, of the load — b^ 
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consumption of the water, is a less evil than carrj'ing a Inmbeiing 
tendst behind. It is also deaimble that the whole weight of the 
engine shoald, for the purpose of economy, be applied npon 
driving-wheels with adhesive power. Mr, Sturroek, on the Great 
Korthera, thinks this desimble even with a separate tender, by 
applying cylindeia and connecting- tods thereto. The groat diffi- 
culty of tank engines — that ia to eay, engines with water and fuel 
all on one solid frame — has been the almost impossibility of get- 
ing the frame long and large enough to carry a eufticient quantity 
of fuel and water for a long journey, with, at the same time, a 
. possibility of working even on very moderate curves without get- 
g otf the line. And if the euf^ine be very long, it is essential 
lieo to increa£e the number of the wheels, and there is a conaider- 
. able advantage in increasing tho numbar of the wheels for the 
. purpose of lightening the load on each pair, although it will be 
d that, by the use of spring tires, sis tons on a wheel will be 
' .quite as easy as four tons on an ordinary wheel 

"The difBeulty of going round curves with a long engine is 

• quite got rid of by the principle of radial axle-boxes. A 22-feet 

(wheel base will roll round a curve of 1 ^ chain with eight wheels, 

IT of them being drivers, or round a curve of 3 chains with 

1 wheels, six of them being drivera. But in either case there 

re still four wheels merely carrying a load without being drivers. 

'myplanshavebeenresortedto to make all the wheels drivers with 

r capacity. One of them ia the French system of a 

^wheel engine, which is, in fact, two engines on six wheels, with 

"; of cylinders to each, the two engines being coupled by a 

t boiler on two centre pins, round which tho engines swivel 

■ a large tree on two timber trucks, 

Fit may be, therefore, taken as a third axiom in railway 
aomy, that the longer and larger the vehicles, the less will be 
I dead weight in proportion to the paying load; and provided 
Jt the wheels be arranged so th at the tires do not slide or grind 
Ecurves, and the asles be normally radial to curves and rec- 
X to straight lines, the lesa will be the resistance to traction 
Tthe greater will be the steadiness and safety. 
pWith regard to separate passenger lines, to a certain extent 
T exist already; as, for example, the Blackwall, Brighton, Ma- 
i^and others; and there can be no doab\i ^^'ha.'ii \'b ii(f(^ 
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be highly dangerous to crowd them with gooda, aa is the « 
with the northern linea. For long lines they can only ba a 
able where passenger traffic ia very abundant, such as the roi 
to Binningham, Mancbestor, Liverpool, London, and similar j 
tricta; aud even the Great Western, now that it has I 
crowd its lines with narrow-gauge traffic ia coals and g 
beginning to enter upon its cati^oij of collisions with I 
rapidity than is tlesirable, and it will have to moderate its Bj 
to render the mixture of passengers and goods trains at all ■ 
It is not to be supposed that goods lines ore to abstain from t 
lying passengers altogether, bnt it must be at reduced i 
analogous to the pasaengera earned in the road waggons ii 
times; for to cnny goods at high speeds must necessarily enltil 
the cost too much for large profits to be made. 

" It may, therefore, be taken as a fourth asiom in isill 
economy, that goods lines working np to their masinii 
of trains must be lines of comparatively slow speeds, in otdiVI 
to absorb the profits in wear and tear, and risk and waste bfl 
lisians. 

" But it would be a great advantage for such lines as ntfl 
a moiety of goods and a moiety of passengers, and have not enoif 
of either wholly to fill up their time, to improve the cow ' 
tion of their lines, engines, and trains. One simple plan 1 
he to economise existing stock by coupling pairs of carriagMiigi 
together, and arranging the wheels and axles in groups at si' 
end, for thus resistance to haulage would be lessened, and n 
increased in many ways, at a very small cost. They wooldl 
be liable to leave tbe rails, they would not turn ends up JD 9 
of collision, and they would be vety greatly strengthened ^ai 
longitudinal shocks. 

" One great drawback to railway travelling is the vibnl 
caused by the wheels on the rails under the existing Eyslen 
Donstmction; a kind of viliration which does not exist in n 
carnages. The wheels are each pair fast on one shaf^ and I 
or sledge instead of rolling, creating a hoarse sound, nniltip 
by tbe continuity of metal in the wheels and axles. The 4 
is analogous to that of the rosin rubbed on the borse hair a 
violin bow for tlie purpose of vibration, only the latter is pleH) 
. iKJliJe ibfi former ia xauobio-^foua. If this griudiug nbGrt^)U| 
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removed from railway wheels — which could be done by right 
conatruction^a large part of the evil of railway travelling, and 
■ good deal of the unsafety, would be remoyed. And if the seat 
of each traveller were arranged to fold up, bo that he cuuld sit 
or Etaud at pleasure, the circulation of his blood on a long journey 
would be improved.'' 

63, It is curious to notice the process of apparent death and 
Bfier-reenscitation which some meclianical projects undei^o ; in 
some the interval between the two, or the length of the state of 
coma, so to speak, in which these remain ia comparatively short, 
in others it is very long ; so long, indeed, that men fotget them 
altogether, so that when they are revived they are accepted as 
neWj but when their history is gone into, and new they are found 
not to be, then is recollected the oft-repeated saying of the wisest 
of men, " there is nothing new under the sun." In some cases we 
also notice that projects tried at vast expense are, after a time, laid 
BBide as altogether practically worthless; but which contain never- 
Ihelees the germs of valuable systems which lie hid for long yet 
are at length brought to life, and offer, when matured, much of 
practical value. Not seldom also do we find that an invention in 
ftatjlf thoroughly good is brought out at a period not fitted or pre- 
pared for its development, so that it dies out but only to be resusci- 
tated when the time comes when there is a want for it The 
mechanical project and the hour, is liut another rendering of a well- 

. known phrase. These thoughts have been brought up on consider- 
ing the somewhat curious and suggestive history of the Atmog- 
fheric Railway and its later developments. These are alluded 
to in the following article from the " Mechanics' Magazine." 

"Exactly fifty-four years ago, a Mr. MeJhurst proposed that a 
brick tunnel should be built and applied to the conveyance of 
passengers at speeds never more than dreamt of before. Within 
the brick tannel a pair of rails were to be laid, and on these rails 

» a suitable vehicle, very similar in its general arrangements tu an 
ordinary railway carriage, was to travel. The cross section of the 
lirick tube, as proposed, would have been egg-shaped, with the 
maximum width above. The rails would have rested on pro- 
jections apringing from the side walls near the bottom To the 
rear of the carriage a piston, so to speak, formed of boaida wi\V 
f Sauted iogeUieti would Imvu been a£jL«^ IVu ^^^^^i^ 
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would have nearly fitted the tanneL Whether any espedia 
were proposed by which the space between its edges and 
brick-wock could be made partially air-tight, we are not prepa 
to Bay. It is not likely that a scheme so perfect iit principle 
this was would be found wanting in detail The carriage ■ 
piston thus provided, and put in place within the tube, air i 
to be forced in behind by meaiLS of a large pumping appaiat 
veiy similar, we believe, in general design, to the blowing engu 
at present used at our iron-works. The pressure of the atr tl 
pumped in would, it was contended, prove suflicient to proj 
the carriage with its load of passengers at very high speeds, J 
Medhurst lived before his time. The echeme never got beyffl 
a model, for obvious reasons. In the first place, the steam engj 
was not yet perfected, and the obteution of the necessary n 
live power for the blowing machinery was by no means mi 
In the second place, people had a very great and perhaps natui 
antipathy to the idea of faeiog placed within a tube, dark a; 
cheerless, and blown to their destination ; and thus s reai 
valuable invention fell to the ground. It is easy, however, 
see that Mr. Medhurst'a was no ordinary mind. In this s 
we have the embodiment of nearly all that constitutes the m 
railway — the iron rails, the high speeds, the accommodation J 
passengers, have a great deal in contmon with the present sj^ 
of locomotion, and all this, he it observed, was designed tweB 
years before the Bainhill trials inaugurated the railway a; 
After Medhurst came Vallance and Pinkus, gentlemen who p 
posed certain, alterations, the principal idea being involved ii 
reduction of the size of the tube ; the alteration of its posBii 
with regard to the carriage, by placing it between the rails S 
below the floor ; and the exhaustion of the air from the tji 
in front of the piston, instead of its compression within the if 
behind ; but this last had been already proposed by Medhoi 
who seems to have left scarcely a point overlooked. 
Vallance and Pinkus had no better success than Medhurat, S 
it remained for Messrs. Clegg and Samuda, years afterwat^ 
develop the system, on a practical scale, on the London andCw 
don, and Dalkey and Kingstown railways. The atmosph* 
principle as tried on these lines is now well known to be whiil 
~S to the denun^ ai. axt Bx.'ueoiKqQ traffic, and as ftri 
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inntry is concerned, the vacuum tube and the piston carnage 
been banished for ever in fevour of tlie locomotive. With 
itroducyon, however, of the anderground metropolitan rail- 
gjatem, the old scheme of Medhurst bids fair to be revived, 
there is hardly room to doubt that it is, of all others, 
lost suitable for the exigencies of this apeciea of traffic In 
leumatic despatch we have, on a small scale, all that Medliurst 
and there can be no room to doubt, from the auocesa 
which has already attended upon the labours of the company 
known by the same name, that the system can be extended to 
tiie conveyance of passengers without any practical difficulty what- 
riti. During the last few months, too, Mr. Eamniel, the in- 
Ttnbtr of the pneumatic dispatch scheme, has been labouring at 
the Crystal Palace to provide a model line— the first on which 
rcgnlar passengers have been conveyed — which would serve to 
biing all these advantages fairly before the pubha 

" The tube exteuila fi'Om the Sydenham entrance to the armoury 
near Penge-gato — a distance of about a quarter of a mile, and 
itja, in fact, a simple brick tunnel, B faet high and 8 feet wide — 
« size that renders it capable of containing an ordinary Great 
ffeatem llailway carriage. That actually working in the tube 
It this moment i» handsome and commodious. The piston ir 
nnilered partially air-tight by the use of a fringe of bristles, ex- 
tending nearly to the brickwork of the tunnel and its floor. A 
(in, 20 feet in diameter, is employed to exhaust or to force in 
lir, and perhaps it is impossible to devise any other expedient 
« well calculated to answer the required purpose. It must be 
Mnetnbered tliat either a plenum or a vacuum, equivalent to 
■ff of an inch of mercury, is qiiite suiRcient to propel even a heavy 
Inia at a high speed on a moderately level line, In the present 
[nstaDce^ the motive power is supplied by an old locomotive 
berrowed from one of the railway companies, which is temporarily 
mounted on brickwork, The tires have been removed from the 
driving wheelfl, and these last put the fan in motion by straps. 

"The line, wo have said, is a quarter of a mile long; a very 
■nail portion of it, if any, ia level, but it has in it a gradient of 
One in iil'teen — an inchne which no engineer would ooiistmot on 
U ordinaty railway; and as it is not a level line, so it ia na^ «, 
^D^Aomj for it bus curves of only eight chsuia D 
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are shorter than those usually found in exiting railways, Th I 
entire distance, 600 yards, is -trftversed in aliout 50 seconds, wfli 1 
an atmospheric pressure of but 2^ oz. The motion is, of com^ I 
easy and pleasant, and the ventilation ample, without being in ■ 
any way excessive. All the mechanical arrangements are hI 
simple, and must be so obvious, we iiuagiae, that it is needlettfl 
to dwell on them. We feel tolerably certain that the day is QOtfl 
very distant when metropolitan railway traffic can be conduohifl 
on this principle with ao much Bucceas, as iar aa popular lil 
goes, that the locomotive will be unknown oa undotgreun 
lines." Amongst those connected with a science like ijiat id 
Engineering, which abounds in so many " vexed questions," iti( 
scarcely necessary to say that the above favourable view o" 
pneumatic tube railway is not universally held, but that, a 
contrary, opinions most unfavourable to its practical success ond 
large scale have been promulgated in articles for which v 
not space here. Be these opinions right or wrong, it is, at i 
events, a moat suggestive fact, that while we write, the ci 
for the "tube railway" has been given out, and it vrill bo b 
down, partly along the Thames embankment, and aetoaa t 
Thames under water. 

53. The experience of travellers during the first few \ 
of tiie working of the MetropoKtan Eailway will have i 
planted in their memory a keen recollection of the disco) 
forts of the passage through the tunnels, in ' 
(•ufTocating vapour which prevailed; and although these wa 
speedily reduced, and the working has since then been i 
that comfort is more the rule than the exception, tl 
theless, so much that is yet unpleasant in underground railirt 
travelling, that the attention of many of onr practical n 
been given to the endeavour to introduce a method of if 
the trains so that travelling will possess all the comfort a 
which can bo given to it. Amongst the plana proposed is A 
of Mr. Carlow, who propounded hia scheme in a paptcV 

I cently read by him before th-e Inventors' Instituta " Jfc T 
"■ says a writer in the " Scientific Eeview," " thinks t 

I oomotive engines are misapplied on railways where tli6 si 
»K frequent and the iutervab short. He thinks th&t, AAlM 
>politfta Siml'Wtt':}, ^kiUae results, and a 
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much greater coEvenience to passengers, wnuld be derived from 
diapenfiing with locomotivea in the passenger trafRo. 

" It will be within the experience of many of our readers to 
have travelled in a carrie^e at the tail of an express train, to 
Btationa at which the expreBB itself would nevef condescend to 
stop. In. HUcb cases, On approaching within a mile, or somewhat 
less than a mile, of the desired station, the last few carriages have 
been detached from the main body of the train, and, left to them- 
selvea, have ghded swiftly and smoothly to their destination. 

" The mode of progression in this last mile, when the carriages 
more independently of the locomotive, is that which Mr. Barlow 
desireB to see adopted on our metropohtan lines. Of course, 
Uie carriages must be made to attain something like express speed 
liefure they can be expected to ran alone over any retisonable 
distance. To effect this, Mr. Barlow proposes to lay down at 
each station a fixed system of machinery, capable of imparting 
to a train of carriages, during the first three or four hundred yards, 
IB may be required, a rapid though gradual acceleration. The 
jmqaisite impetus thus attained will beat the train to the next 
iii^ation. There the same process will be aj^in performed, and, 
\,iy a succession of rapid but easy flights, the jouraey from end 
to end be speedily and quietly acoompliahed. The question now 
I' irifies, how is the train to acquire, at any one station, the mo- 
' aentum requisite to carry it with certainty to the next I Mr. 
Bailow purposes to apply the power of the rope. He would lay 
b4own between the rails an endless rope, passing round pulleys, 
|fi][e the cord of a window blind, over a distance of something 
jj like three hundred yards from the station. And he Lkena the 
I piolion which would thereby be acquired to that of a train moving 
from rest down an inclined plane of several hundred yards in 
ki^th — a method of imparting locomotion not unfrequent in our 
Honing districts. This, then, brings us face to face with the 
■flld question of locomotive versus rope and stationary engine. Mr. 
Subw is an engineer, and he has all the fond admiration with 
wliiflh his class regard that very perfect instrument. In discuss- 
ing its relative merits when applied in working long and short 
diitaaces, he says : — ' Where the distance between the stations 
tt point of stoppage is considerable, or such that the great ^T>d. 
lI duty of the eoffne is to maiatain file tecim&to s^ea^ 
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after tliut speed has been acquired, one of the fiist facts wWcli 
inquiry establiehes is that the locomotive engine is adminblf 
adapted for this purpose. Whether we take the work perfonnel 
by an espresa engine in a. fast tiain, or a heavy goods engine draw- 
ing a alow train, in either case it results that, proTided the & 
tonce between the stations is great, so that the engine ci 
for a considerable time, exerciaisg its power at a fair worHng 
speed, the economical working of locotaotive engines, eomparinp 
the work done with the fuel consumed, becomes manifest. WhWt 
however, the duty to bo performed is that of working a 
which the stations are very close togetlier, and the atoppagea & 
quent, it then results that all, or nearly all, tbe work of the eo^BS 
ia expended in acquiring the travelling speed, and that, in Euli 
it has nut ceased to accelerate its speed when it becomes neeessBiJ 
to shut off the steam and apply the breaks, so as to stop at tl 
next station. In fact, tbe same engine which, in long s 
would make an average speed of 35 or 40 miles an hour, i 
pable, with frequent stations, of making an average speed of b 
13 or 14 miles, even with a greatly reduced load.' In snch 
state of things the waste of power ia enormousj and wheu t' 
almost cruel wear and tear of material is taken into consideratioi 
the employment of the locomotive becomes simply an ahaoe of I 
noble machine. Mr. Eatlow e-stimates the loss, in such a case, ■ 
amounting to no less than nine-tenths of the whole power el 
ployed. He points ont that, as in cases where the stoppage! W 
frequent, the use of powerful engines is necessary, ' it follows tl 
the weight of the engine heeomea great in proportion to tbe M 
of the train; and, therefore, if that weight can be dispensed wit^ 
much less power wiU aufBce to give the same amount of speodj 
or with the same amount of power applied, a much greater apM 
will be attained.' These and other considerations, for which W 
must refer our readers to Mr. Barlow's able paper (p. 13), weak 
alone be sufficient to prompt an inquiry whether any other nm 
economical method can be adopted. Mr. Barlow coit£dedl|{ 
answers this inquiry in the afhrmative; and he propoundtt'B 
aeheme which wa have here attempted briefly to describe, 
he justly remarks, ' frequent trains are, in the opinion of ei 
I nenced persons, necessary to develop the omnibus traffic; « 
's ao reasoa why, witib GiUtuiauj ^wer, liom tbe u 
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VBlocity, they could not be mnde to mn every three or four 
minutBa, allowing sufficient time for oue train to leave its station 
Wore the following train was allowed to start Thia could not 
"be done without locomotives treble in number to the stationary 
engineB, even if there was required to be one stationary engine 
at every statioiL' 

" In notidng the want of confidence which has hitherto been 
felt in regard to the rope system, he says that even where the 
rape extended &om station to station, it was never known t<i 
fail 80 long as the engine power acted property ; anil that where 
it has been used and abandoned, it baa been owing more to the 
interference of such a length of rope with junctiona and level 
Sroeaiiiga, than to any diificulties arising irom the rope itself Sut 
Hie difficulties inherent in the length and consequent weight of 
fte rope, as hitherto used, do not arise in the -application of Mr. 
Barlow's scheme. He only requires it over a short distance iioin 
each station, to give tbe train its initial motion. 

"For ourselves, if only ropes can be procured of sufficient 
Strength, and machinery be constmcted with any pretensions to 
efficiency — matters not, we submit, in these days, of insurmount- 
i<Ub difficulty — we see no reason why this scheme should not 
be eminently successful Its manifest saving of power, to say 
BoUiing of the prevention of wear and tear, should be auffieient 
to reoonunend it to those financial interests which are of such 
pmmount importance with sbarebalders ; whOe the greatly in- 
creased speed and comfort which it would secure to passengers 
, recommend it no less strongly to the public regard.'' 
I 64. Up to a certain point in the history of railway working, the 
" permanent way" and the " vheeU " of the carriages which were 
to run upon it, were tacitly accepted as being the best to be had, 
n that coniparatively little improvement was, at all events, deside- 
lited, so that the attention of engineers was principally directed 
to the improvement of the locomotive^ — ^not that details connected 
Hthet with raib or with the wheels of the rolling stock were posi- 
I feely neglected, but certainly they received less of the care of 
the engineer than did tbe iocomotiva Of late, however, the de- 
fects, or assumed defects, both of rails and wheels have attracted 
the uttention of practical men, and nauch benefit lias resulted, and 
^^11 evidently yet result, therefrom. On llie a\iJiiiiGt ?)i 'Oq» 
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la given in the " Railway Newa : " — 

" One of the iirst and most important charges against ceywm 
ts that for the Maintenance and fienewal of Way. The way, « 
road, is the foundation of eveTjthing else on a railway. It mual 
be well kept and regularly baJlaated up ; the sleepers must beil 

n the chairs; for, an uneven line, a decayed sleeper, a bi(^ 
rail, or an imperfect chair, might at any moment involTfl a »o 
pany in the most serious consequences. EspeciaUy is it necMUq 
have the road kept in tte most perfect condition, whetetb 
peeda maintained are high. Hence the constant repairs, reneml^ 
and relays of rails, chairs, and sleepers ; and hence, also, theheuj 
tern of expense, on this account, which is to be found in the lulE 
^^early statements of every railway company. For, although as 
^ineers speak of the Penuaaeat Way, it is really in anything Im 
1 'permanent' condition. It is in a state of constant changsUI 
renovation; rapid in proportion to the weight and epeed of th 
engines and cartying stock, and to the numher of trains wliicl 
he way has to hear. 
" Here is a brief epitome irf the charges for maintenanca aa 

before ua: — 




N«ne< of CompaniflH. 


maiu- 


Last half- 
jsar. 


Average 


inl)«i<i^l 


Great Northern, . 

Midland, 

Loudon and Brighton, 

Loudon anil South Weatem, 

South Eantera, 

Great Eastern, 

North Eastern, . 

Glasgow and South Wi»t?ni, 
North Staffprdshire, . 
Briitol and Exster, 


1,225 
415 

en 

230 
608 
279 
6GJ 
1.096 
402 
245 
198 
2.14 
121 


131 
85 
87 
26 
76 
62 
93 
95 
90 
48 
36 
14 
17 


75B 
OiB 
06S 
535 
471 
478 
416 
047 
14S 

332 

BGl 
214 


£ 
108 

206 
138 
118 
148 
180 
140 

87 
W4 
187 
183 

69 
IM 


£ H 
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1^^ will be observed that the average coat of maintaining and 
WBeffiiig lines variea constiderably with diffursiit companies. In 
ttie case of a, first-claias niiiin passenger line, such aa the Great 
Northern, the ioa<i roust be kept in the most perfect sttate, and 
Upenseis are high in proportion. Even the coal trains on the 
otnat Northern must necessarily be run at high speeds, which 
nvolves a serious addition to the tear and wear of the road. Tlie 
lesTf merchandise traffic of the LaBCashire and Yorkshire line 
bo involves very heavy repairs, the coat of which in the last half- 
nr seems to have been exeessive ; bat tbiit company adopts the 
sand plan of charging the repairs done during the half-year to 
le revenue of the half-year, thus avoiding the temptations of a 
jspense account The Great Ee^itern Company, having been 
Mwn into the establishment of a Permanent Way Fund, which 
gtinto debt ^86,992. adopted the decided course, at the laat 
sl^yearly meeting, of churging the whole to capital, and thereby 
Btting rid of the difficulty. It will be observed, from the above 
lUe, that the lowest average expenditure per mite is on the 
forth Eastera railway, a. large proportion of their mileage con- 
Sting of coal lines, on which the traffic is run at comparatively 
IW speeds. The Nortli Staffordshire maintenance is exceptionally 
iwj but thattherond is nevertheless' maintained' appears fro ru the 
'etmanent Way Fund, which owes to revenue as much as £77, 930, 
"The cost of maintaining a line is thus by no means uniform, 
t depends mainly on the number of trains nin over it, the weight 
Ftfae engines and vehicles of which the trains consist, and tliu 
peed at which those trains are run. Kenue the heavy expendi- 
lOB on all main and express lines, involving a constant necessity 
it repairs and renewals. The wear and tear of rails, points and 
roasings, and of all the materials of which 'permanent way' con- 
late, is especially great at important stations, where the rails are 
I^MtUy worn by the skidding of the wheals along them when the 
v&ke is applied. The surface iron soon becomes laminated by 
H enormous weight of the heavy engines constantly rolling and 
tindiug over it ; and the tear and weur is consequently excessive. 
U many cases the rails at stations require to be renewed after the 
>t)ae of little more thun a year; whereas, if laid down upon a 
hnch where the traffic is comparatively small, they may remaitt, 
Dor fourteen years or more. " 
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■' Hence the demand ivliioli haa of late ariBen amongst railwa 
uinipanies for uinie material that shall stand the tear and weoi c 
railway work of the Beverest kind better than any ordinary im 
can Jo. It is found that steel is the only metal capable of fi 
tilling the requirements of b firat-clasa rail. The experiment 
made by the London and Iforth-Western Company at Crewi 
Rugby, Stafford, and Camden-town, have proved very satisfactoij 
At Camden, in May, 1362, two miles of single line i 
down at a point where there is a great deal of shunting — oa 
mile beinj; laid with steel rails, the other with ordinary iron n 
The work done by the respective miles of steel and iron was eq 
ao that it ia easy to uompore the results. They are very etrildt 
and conclusive. The steel rails, which hare not yet been tun 
are at present working against the tenth face of iron tails; 
do the steel rails look as if they would require turning for tOBi 
time to come. The same resalta have fdUowed the t 
made at other stations. The steel rails have everywhere a 
the severest tests in tlie way of heavy work, and are still sarvit 
able; whilst the iron rails working against them have been wb 
to pieces over and over again. At Crewe, the two 35-feet etc 
rails exhibited in Mr. Eessemer's case at Kensington in 186 
have been put into the road, and are still good, whilst several se 
of the ordinary iron rails have been worn out and renewed, U 
Ramshottom ia even of opinion that, after all their heavy wot 
the Bessemer steel rails may be fit for showing at the Esiibitio 
of 1872. In fine, so unifornily favourable have been the r 
of all trials made with steel as against iron — whether in the foa 
of rails, tires, or axles — that the London and North "Westei 
Company have come to the conclusion of thomselvea e ^^^ 
works for the manufacture of railway steel. The directors hay 
with this object, obtained powers from the proprietors to exp« 
£54,000 at Crewe, where tliey expect to be able to turn a 
10,000 tons of steel per annum. 

"Although steel costs £15 15a., as againat iron at £8 or i 
if the steel ontlasts the iron more than ten times, as ia aboi 
shown to be the case, the economy of their proceeding is obrioc 
at a glance." 

56. On the subject of elastic railway iclieeh, a very elaboral 
jiapet was read by Yaughan Frendied, £sq^ G,£., betote |j 
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Jf Engineers, of which the following is an abstract, for which 

■ indebted ta the pages of the '' Meehanios' Magazine : — 
me author commenced bj stating that the subject of the 

G about to read — ' Elastic Railway Wheek,' or, more 
f, certain expodienta for imparting elasticity to these im- 
!t members of the railway systeio, was one possessing much 
■ ' ed, he thought he waa jufitified in saying that the 
a of certain mechanical expedients for seating tyres elaa- 

■ on the wheels to which they belonged, afforded fair pro- 
r enabling important changes to be introduced into the 
I system of constructing peimanent way; while experience 

wn already that by their aid, the duration of engine tyres 

I nearly, if not quite, doubled, especially on lines of ra- 

bvature, and that slipping or want of adhesion might be 



e paramount object had in view in the formation of a rail- 
B the reduction to a minimum of those forces which re- 
motion of wheel carriages. Setting aside for the 
( every other consideration, he might, therefore, define a 
J'railway aa consisting of two unyielding bars^parallel — 
pely hard on their upper surface at least, and so secured to 
hstructure on which they were ultimately supported, as to 
»pabte of moving or deflecting under the action of any 
b1 load which they might be called on to sustain. Such 
■, the author stated, would not only reduce the amount 
e force required for the propubion of trains or carriages 
fewest limit, but would also possess elements of permanence, 
e wanting in any track constructed with timber sleepers, 
1, &IX, under existing arrangements ; while, on the 
feand, it would be open to cerbain objections, which have 
p precluded its adoption, 
r describing a theoretical railway track formed of girders 
n on stone blocks, the author went oa to say that, were 
saible to introduce the use of stone sleepers, and to per- 
I ballast to settle its own differences with the sleepers after 
I fashion, the expense of maintenance would be greatly 
Good ballast always had a tendency to consolidate and 
i hajd, but, under existing circumstances, this t^wJvA^, 
bought to be ol all things the most desitSitilB, ia, ciTi "^ft 



r 



I 



ENGINEERING FACTa (Dnr 

ountrary, regarded ns a great evil, and no Boonei- doi 
become hard, and the timber manifest a tendency really to alee 
than the navvy stirs them both up with his pick. This, we k 
told, is done to secure etastieity ; but the ballast was nut pmpe 
treated if compelled to become the elastic member of the sysb 

-to take a part for which it had no vocation, and could not pia 
perly assume. If it were not iieceasary that elasticity sfaonld tl 
provided somewhere, a very excellent track indeed, might I 
made with stone blocks and Tails bolted down directly to t~ 
without chairs, and such a track would be infinitely more dnrab]! 
than any other involving the necessity for the use of wood in it 
conatniction, always provided that it were exempt from f 
destructive influences, to obviate the effucts of which the ( 
element is introduced; in other words, the author believed t] 
the elastic element in our permanent way, as it is called, 
principal cause of its want of permanence, because wood rota a 
wears out, because nothing has been found as yet which is bet 
than wood, under the given conditions, and because the mecbu 
cal arrangements are all so imperfect, and the bearing suifaceB 
small, that if that motion takes place among the parts i 
constitute an ordinary nulway track which the element of elastioi 
is presupposed to permit, they quickly become loose, and t 
true rigidity on which the integrity of the entire structure ( 
pended, can only be approximately maintained by an ( 
outlay of money and labour. 

" The author then explained at some length the nature of i 
action which a rapidly revolving wheel exerted on the rml benest 
it, showing that elasticity pr«vented percussive action, and t' 
the elastic element may be applied with more mechanical i 
priety beneath the tyre, than beneath the rail, and with eqna) 
good effects ; and went on to say, that the percussive action 
railway wheels travelling at speed is due directly to their revo] 
tion, and is almost independent of any true jumping v 
and that elasticity operates more aa a preventive of percuaiE 
than as a cure. In other words, the suddenness of struu chi 
teristie of percussion was prevented, as he had just endes 
to show, instead of being absorbed or taken up, as might be t 
case, if the wheel were supposed to be lifted off the rail iat 
space and suffered to diop. 
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"No means had yet been discovered for preventing the effects 
' percussion taking place between revolving wheels and the rail 
hich supported them, hut the introduction of elasticity, some- 
here, into the system ; and experience showed that thia elasticity 
aid be introduced with the utmost advantage into the wheoL, 

"beneath tha tyre, instead of, or in addition to, elasticity *■ - 
ath the rail or the sleeper, and if no better expedients 
mring this necessary element in track could be devised thaft] 
Dse already in use, which depended for success on soft ballaajj- 
costly destructible timber, then he beHeved it might yet iKfi 
and advantageous to seat rails as rigidly as possible on heavy 
me sleepers, and to adopt some expedient beneath the tyres of 
t the engine aloue, but every wheel of the train, which should 
pply tbat elasticity which would, in such a case, be absent from 
D permanent way. This was, however, a point open to diaona- 
m, and he would therefore proceed to the consideration of 
a vajious expedients which had been proposed from time to 
Bs for seating tyres elastioally, or in some way imparting re- 
ience in no ordinary d^ree to the wheels of vehicles. The 
n of an elastic wheel was by no means new. Patent Office 
lends showed that, with the first notion of propelling carriages 
■the adhesion of the wheels on which they rested, men sought 

increase that adhesion by cnlaip^ng the surface in contact 
lb the ground, either by using a very broad wheel, or by adopt- 
j certain exjiedients which would permit the wheel to depart 
^tly from a true circular shape, and become more or le«s oval. 
("The author then gave a short history of the elastic wheel 
Miy, showing tbat Mr. T. Neville, the inventor of the multi- 
boW boiler, had been one of the first to propose to use elastic 
neto obtain increased adhesion, as early as 1835. After de- 
lAnng many inventions, the author went on to say that all 
Bine expedients were indirect, and more or leas unlie thi 
ligeinentB adopted in modern railway practice ; but he found 
la^ in 1837, Sir George CJayley took out a patent which in- 
miai nearly all that bad been done since, in the idea at least, 
nob in the actual mode of application. Not oidy this, but he 
nid (iiat, in 1831, he had suggested, in the pages of the ' Me- 
MSuoh' Magazine,' an improvement in railway wbwila, iii8\^'aft, 
", wbiob possessed many points in (wcawsa- 
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with the Griggs' wheel Sir George writes, 'If theweaiandtM 
railway conveyance he found too expensive, owing to the frid 
caused by BUch high preasuFe and great velocity, and that 
aae of springs to these carriages are not sufficient to remedy 
evil ; I think it prohahle that a duvetailed groove, filled n 
Lard oak, driven in small pieces endways within the i" 
wheels, and then tamed off in the lathe, night be serriow 
and could he cheaply renewed ; these pieces might be n 
hy a foxwedge, as commonly practised in similar cases.' 
G. Cayley'e patent he describes a wheel ' made with a deep fit! 
and to the opposite side of the tyre is secured a ring oi asni 
plate of less depth than this fiange ; the space between the fli 
and the ring is to be occupied by a fiUing-up of iioot, M it 
or tough woods, or of other partially elastic substances, si ' 
for giving a slight degree of elasticity to the periphery, for dil 
iahing the effects of percussion.' 

" In 1839 Mr. W. Bridges Adams brought out a very ingdEJ 
olaetio wheel, with spokes composed of steel rings, while the ^ 
were seated on wood blocks or felloes. Mr, Adams' wheel* i 
tried under his own supervision, and at one time he had sevi 
sets running. The results obtained were not quite s 
tory as he desired, principally because of certain practical d 
culties met with in the construction of the wheel 

" Setting aside one or two isolated instances of the ui 
tie wheels, he found that Mr. George S. Griggs, locomotive 8t 
intendent of the Boston and Providence Railway, United Sf 
was the first to seat the tyres of his driving wheels elasl 
on a practical scale. The means he employed to effect thia' 
pose are veiy simple. American locomotives almost invaii 
have cast-iron driving wheels, fitted with wrought-iron Ml 
tyres. The Griggs' wheel was made with a number of trai 
dovetailed grooves, cast iii the periphery ; into these £ 
blocks of thoroughly dried, hard wood, such as fine-gnUDei 
oak or hickory, were driven, so that the grain of the timb* 
parallel with the axle, and across the periphery of the id 
When these blocks had been driven into their places, the 1 
was put into the lathe, and so much turned off them thrf 
Only atood up above the amface, an eighth of an inch otto.' 
^MB^WBTiouBly tuiDB^ a^ ^^tqa \&%\^ vod out, was thsttl 
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^P, placed on the wheel, care being token not to Bcorch the 
blouks on which it then hears, no tiietalic connection of any kind 
auiting between the wheel and its tyre. 

"The Griggs' wheel was brought out in 18S7, and has been 
ml is extcnRivel; used in America^ witli the best rg^ults. 

"The 'Canton,' an engine on the Boston railway — as an ex- 
•mple from many cited by the author — had run 133,373 miles ; 
the tyres ware now reduced to 1^ inch in thickness. The four 
Wnpled drivers are 5 ft. diameter, and loaded with nearly 14 tons. 

"The thinness to which tyres seated elastically on Mr. Griggs' 
plan had been worn was very remarkable, and such as we dare 
not attempt on a rigid seating. Yet the fracture of an engine 
^re on the Boston ami Providence road is all but unknown. 

" Mr. Bridges Adams had lately introduced a very elegant ar- 
tangement. The rim of the wheel is turned slightly eonves ; 
the tyre La rolled with a groove on the inside. Into this groove 
two hoop springs, made in segmenta, and eaeh about one-third 
of Ut inch thick, are placed, so as to break joint These hoops 
made of steel of the best quality. They bear only at their 

8 on the sides of the groove in the tyre, and the convex wlieel 
Itm, resting only on the ceutre of their breadth, ia supported 
elaatically. The tyre ia secured in its place by a ring of iron 
sprung in at the bock of the wheeL lu a more recent modifica- 
tion, the rim of the wheel is turned perfectly flat, and only a 

igle spring hoop is used, thickeiied in tlie centre of its cross 
sec^on. This hoop is made in one piece, with the ends abutting, 
and forced on the wheel after being placed in the tyre by water 
preeeare. The tyre of the first Adams' wheel, when unloaded, 
can be rotated on the wheel by hand, and a alight rocking mo- 
tion of the wheel within the tyre is permitted, which enahloa the 
tyte always to adapt itself to the rail in the best possible niamier. 
Wheels so fitted seldom or never slip. The area of surface be- 
tween the spring and the tyre, and the spring and the wheel rim 
H so great, in consequence of the circular shape of the parts, that 
liw wheel cannot turn with ease within the tyre when loaded ; 
and this Lost, being elastically supported, yields slightly, becoming 
a little oblate, instead of remaining truly circular, and thereby 
BcquireE a better hold of the roil, conaequent on an increase of 
bearing aurfaca Tyrca usoallj break ftom teosic ' ' " 
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tyraa in this case, being elastically supported, caa acaroely be m 
to be in tension at nil, and it was, therefore, very improbable 11 
they ehould break even in intense frost, Indoed, two of tha 
tyres had been cut across for the purpose of experiuient, and 
that state actually did three days' work drawing coal traina, 

" The tirat trials of Mr. Adams' spring wheel were made on ll 
North London Railway in. 1858 or 1859. Tie spring q 
were applied to a set of disc wheels. Ihe tyira were of Staffiii 
shire iron, and ran a diatanoe of 101,000 miles with very lil 
wear, Low Moor tyres, rigidly seated on the same class of ntu 
were completely worn out in running the sanie distance. 

" The next trial was on tbe Eastern Conctiea line, in thee* 
part of 1859, when Staffordshire tyres were fitted, on theAdu 
system, to the four coupled wheels, 5 ft. 6 in. diameter, of > gw 
engine. The tyrea were of tlie worst possible quality, and i 
springs very little better. These last broke and set so tliattl 
had to be removed, anil thus far the experiment was a fiuU 
In September, 1859, however, a pair of Cooper and Co.'s tj] 
elastically seated on the same principle, were applied to the le 
ing wheels of a tank engine, working the Woolwich braadl 
the same line. This broach abounds in sharp curres, n 
them being but 5i chains radius, and another bat 4} at I 
sharpest part The eugine had a 12 ft wheel base, and the In 
on the spring wheels was 7-^ tons. 

"The engine began working on September 21st, 1859, and t 
wheels ran, up to July 26th in the following year, a diatanoe 
25,240 miles before being turned up. The wheels were put n 
der again in September, 1860, and ran, np to January, 1861, 
further distance of 8,776 miles. At this time the tyres g 
loose from the breakt^e of one or two of the springs, and (t 
engine requiring repairs generally, was taken out of work for 
time, and the spring tyies vrere not replaced. The same class 
tyres put on in the ordinary way require re-tnming when tt 
have ran but 8,000 to 10,000 miles, when the flanges aro fnui 
mucli worn ; afterwards, they must be tarned up every 4.00 
r 5,000 miles, until tbpy are worn out. 

'■ Mr. Adams' tyres were largely used on the St. Helen's fiii 
', with great advantage. The author detailed at length t! 
')foi)t«ii»d in tbe dail^ -wo^i^cui^ uC tbiaae tyiee, ahowiag tk 
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when Staftbrdsliire iron was eiaatically seatod, it actually gave 
i 3-5tbB greater mileage than Kruppa' steel rigidly seated. 

"The last form of elastic seating to which he would call atten- 
tion had been recently patented by Mr. ManselL The wheel 
rim b first turned up, and then the inside of the tyre ia bored 
nut, so that when put in place a space of abfiut one inch inter- 
renes between the two surfaces all round. This space is filled 
with a ring of wood — teak being used by preference — on to which 
(he tyre is forced, and secured in ita place by six segments of 
iron on each aide of the wheel. A groove is turned in each edge 
i;f the tyre, and a aimilfir groove in each edge of the wheel- 
rim, into which raised ribs on tliese segments enter, while pins 
pass through the wood and secure the whole in place. These 
wheels have been so short a time in use, that many duta do n<it 
exist alwut theif perforraance as yet. A Kwd many of them 
were running on the South Eastern Kailway. On the Great 
Eastern Kailway one engine had the leading wheels titted on 
this plan; tliey had been running some months, and showed 
little signs of wear. 

" An interesting discussion followed, in which Messrs. W. K. 
Adams, Z. Colburn, Ordiah, Musey, and several other gentlemen 
took part. The paper was fully illustrated by diagrams." 

Of these diagrams — as given in the report of the paper in the 
pages of the " Engineer " — we selett three, figs, 6, and 7, showing 
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the arrangementa introduMd by Mr. Bridges Adams,' 
tliiit of Mr. Mansell, aU of which are described in 
above given. 
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56. The principal class of naval architecture which has been 
engaging the attention of engineers and others has been that of 
iron-clad wai-ahips. To record the whole iacta and figures con- 
nected with this department of ship-building (a department, in- 
deed, which ^ in a decided state of transition) would be to fill 
Tolumes; we shall, therefore, confine ourselves only to the con- 
sideration of a few of the principal matters of importance in 
such department. The following article, on Iron y. Wooden Shipg, 
we extract from the " Engineer:" — 

" The question of iron o, wooden ships was discussed . . 

at great length, in the House of Commons. So 

practical a parliamentary debate, indeed, or one, at least, of so 
moch interest to our profession, seldom takes place. An appa- 
rently strong case was made out on both sides, and although 
Mincers carried their point — that of laying down five new 
armour-plated timber ships — the practical consideration involved 
was by no means settled. For honourable members spoke much 
after the manner of counsel, each upon one side or the other of 
the case, and unfortunately there was no judicial summing up for 
the full guidance of the jury of members wlio did not speak at 
alL The notorious advantages of iron over wood, as a material 
for ahip-building, do not appear to have been denied, and even 
the remarkable document lately penned by the Controller of the 
Navy, and made public by the Admiralty, did not, while con- 
demning iron, deny these advantages. Indeed, the advocates 
of iron war-ahips insist that Admiral Bobinson's report con- 
tains within itself the best reasons in their favour and against 
timber ships. Tet, whatever conclusions may be logically war- 
ranted by this report, it cannot, especially when we bear in mind 
the selection already made by tbe Admiralty, be taken otherwise 
than 83 an official condemnation of iron ships of war. The Ad- 
miralty are perfectly aware that iron ships are lighter, stronger, 
wad more durable than wooden ships ; that the former affmi \BKKft 

mage space (eapeciaU^ ia ships with ehaip eudi^ -vii^ *£&.% « 
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external dimenBions ; that iron Gterna are much better able b 
withstand the thrust and Tibration of the screw, the former 
aniounting, under fuU engine power, to between 60 tons and TO 
tons in the large ships now building; that iron hulls are leu 
likely to be set on fire by red-hot shot or shells (and the laH«r 
it appears can now be fired through the thickest armour pUl«a); 
that iron ships can he greatly protected by hulltbeada and w 
tight compartments, and that injuries can ho much more exptxli- 
tiously and clieaply repaired than in the case of wood. AU thm 
facts are well known to and virtually admitted by the Controllei 
of the Navy, and indeed by Lord Clarence Paget, and every 
speaking member of the Admiralty. So too, thwy must be pO' 
feotly aware that wooden ships will, after two or three years, so 
up a weight of water often amounting to one-tenth of their owa 
tonnage, thereby by so much inureaeing their displacement ; and 
the Lords of the Admiralty must be furthermore aware Ual 
really good ship timber, such as English oak, ia now very ecaiiM, 
and that, already, the general adoption of foreign and mixed 
timber has diminished the ' life ' of our wooden ships by nadj 
one half. And yet ' my Lords ' prefer timber — inferior a 
to iron in so many points — because it has, on the other huui 
certain advautagea which, it is contended, iron does not p 
First of sU, iron bottoms, especially when lying for a long Idnu 
in harbour aa war-uhips, must foul to a great extent with baoit-. 
cles, grass, oysters, &c., and thus their steaming or sailing quaU- 
tiea are most aeriously impaired. This is especially the o 
hot climates, although iron passenger ships and merchantiaM^ 
being so much more in motion, do not foul in the same degme. 
The coppering or yellow metal sheathing of a wooden ship, o 
contrary, although not in itself nosious to marine plants and 
mollusoa, ia constantly dissolving away from the surface, so tli»t 
nothing can obtain a permanent hold upon it. In the next plaGb 
when a ship unluckily goes upon a rock or other hard bott"" 
wood will unquestionably withstand a greater amount of thn 
ing than iron. Naval men attach great importance to this &i(j 
and they are ready enough to quote instances where iron ah^ 
have immediately filled or gone down after once striking a lo^ 
hole, too, knocked in the side of the Defence, and cIoM I 
water line, by one ol bha &vikea ol \tKi asv^tuir., was n 
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gotten, the other iiiglit, by Lord Clarence Paget. We ate never 
tired of citing the long and complet* endurance of the Great 
Briton, when aground in Dundrum Bay, but we must own that 
many other iron ships, like the Eoyal Charter, the Paramatta, th« 
Colombo, and even the Prince Consort the other day, have broken 
up remarkably soon after striking, We do not forget that a 
number of iron ships, after having a hole knocked in them, thereby 
filhng one compartment, have proceeded safely npon their voyages. 
Two or three cases of this kind were mentioned in the debate 
the other night, but others more atriking might have been 
instanced. The Cunard steamship Persia, and the CanaiUan 
•teamer North American, have eroaaed the Atlantic with their 
fbreholds full of water. Tel wooden as well as iron ships may 
be maiie with water-tight bulkheads, and if there are not many, 
or wiy instances of this application among our own timber-built 
ships, we have only to iook to the American wooden steamers 
fonnerly crossing the Atlantic, nearly every one of which, after 
the loss of the Collins' steamers Pacific and Arctic, were fitted 
with bulkheads. Again, too, the Controller of the Navy men- 
tiona that the compasses of iron ships are subject to deviations, 
which cannot occur on board timber-built ships ; and he alleges 
forthermore that shot, on striking an iron ship, produce more 
and more dangerous splinters than In the case of wooden sides. 

" We believe we have mentioned all the points upon which a 
superiority is claimed for wood as compared with iron. First, 
the timber-built coppered ship does not foul; second, it is alleged 
that it will hold out better when aground ; third, it will not affect 
thd magnetism of the needle, and lastly it is alleged that tim- 
ber Bplinteis cause less danger than results from the passage of a 
shot through the sides of an iron ship. Let us now briefly ex- 
amine these four points. First of all, the comparison with which 
the Admiralty and the British public have to deal in this case 
la, not between timber built and iron ships, each per ge, but be- 
tween timber-built iron-plated ships, and iron ships coated with 
wood and armour plates. First, then, as to fouling ; — Whatever 
may be the protection afforded by copper or yellow metal to an 
ordinary timber-built ship, it is as yet entirely unsettled whether 
copper will afford any protection whatever to an iron-plated tim- 
Sir Eumphrey Uavy found that ox\4b ut to-gv^t ■waa 
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electro -negative to metallic copper, or, in other words, that when, 
aa is necessarily the case in all copper sheathing, oxidation tom- 
niences, a, galvanic action is Eet up hetweea the oside and the 
pure metal, and that, in this actioii, the oxide ia unaffected, whila' 
the pure metal ia dissolved. So, loo, eheathing nails and earthj 
matter adhering to copper plates are electro-n^;ative, while Qa' 
pure metal is, in itself electro -positive. It ia thus that the cop- 
per sheathing of ordinary timber ships is constantly dissclvii^' 
away from the surface, therehy releftsing all adhering 
But as the copper is thus wasted. Sir Humphrey Davy proposrf 
to introduce a hne of zinc around the hull above, and in CDnttri 
with, the sheathing. In this combination the copper became 
electro-negative, and the corrosion was confined to the zinc ftlona 
But then the diificulty arose that the copper, no longer dit' 
solved, became covered hy seaweed and barnacles, which thww 
well upon it. So, to prevent this fouling, the zinc had to b« 
given np and the copper left to gradual galvanic waste us befiMti 
How, iron armour plates, in connection with copper sheathiiift 
must he electro-positive, and the copper will not waste. And 
Sir Morton Peto told the House the other night that the FmmS' 
had already had a practical illustration of this truth, and that tht 
iron-plated cnpper-sheathed La Gloire had forty tons of hatnad* 
scraped from her hottom but a little while c^o. Now, in tbif 
fact is contained a most important consideration in the queatioiC 
of armour-plated ships. For unless armour plates and coppw-' 
sheathing he kept from galvanic contact with each other, the for- 
mer must waste while the latter is protected, and 
copper must foul to the same extent as an ordinary iron bottOBi 
Mr. Grantham haa a plan for covering iron bottoms with pluik^ 
ing and covering this again with copper sheathing. "We caaOOf 
be quite sure, however, that in this case there is no galvanic ooW 
tact between the iron and the copper, and although Mi. Gna* 
tham's plan has, we believe, b«en already carried out upon two 
three iron ships we are unable to say whether it reidly aT 
any protection. But it ia obvious that a small quantity of 
per might be fixed directly to an iron bottom, thus rendering Ae 
latter electro -positive, so that it would, we may believe, diwolw 
away in the same maimer as copper sheathing is now dissolTsi 
^^iis raise, an iron holtom N) ou.\i\iB alwajB bright 
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, tfwJs ami sheila, for the chemical waste ol' the iron in sea-watt>r 

L wulil, we may suppose, he somewhat different from that strongly 

I nlheaive oxide which forma in other situations. As, however, it 

I Vouid not appear desirable to produce corrosion of the bottom 

1 of tn iron sbip, it might be sheathed, with iron plates of moder- 

I lb thickness, say ^in. more or less, and the corrosion thereby 

I confined to tlie sheathing, which, we may suppose, wouM thus 

I U kept clear. There are, of coutse, a number of paints, &e., re- 

I tOBunended for the bottoms of iron ships, but none of these at- 

* d more than a very partial protection to vessels lying for a 

ig lime in harbours in warm climates. 

Che next point to he considered is that timber bottoms will 

e thumping than iron when aground. If this is iudeed 

J, and it is necessary to huild ships expteealy to he run 

mi, it by no moans follows that we should build wooden 

\\iai merely that we should cover an iron bottom with teak, 

fc will not corrode the iron, and which, perhaps, may he cop- 

4 a« Mr. Grantham proposes. 

As for the disturbance of the compass, it does not appear 

libly that a wooden ship with 1,000 tons of iron armour- plates 

M her sides, and several hundred tons of iron boilers and engines 

iaher hold, would have any material advantage in this respect 

a ship built throughout of iron, especiaUy when it is well 

taowii that very little if any difficulty is now experienced in ad- 

Jining the compasses of iron ships. 

"As to the alleged greater danyer from iron than wooden 
Iplinters. we had always supposed that the danger was just the 
r way. When the Admiralty will erect and fire at two 
targete, the one representing the side of a wooden, ami the 
*ttier an iron ship, both targets boing either armour-plateil or 
'W plated, it will doubtless be found that, under the same lire, 
% wooden splinters will be worse and every way more danger- 
<"ia than the fragments of iron to auytliing behind the targets. 

" Ah to the further question of building sliipa in Government 
'I'lCtyards or by private contract, we do nut care to go fully into 
il Admiral Robinson certainly committed a most imprudent net 
l» outing slurs upon the iron ship- builders, hut we cannot sup- 
p<M« ihat there is really any great danger that government ships 
*iU not still continue to be built of iron Suiid io. ^iivs^V^ -^w^ 
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If buOdiiig is to be continued at all in the GoTemmeiit dock- 1 
yards, it must, foi the present at least, be aiainly in wood; aiuj I 
we see no great cause fur alarm ia the iron trade ( 
Kliip-builders, because five new wooden abipa are to be laid dowB. I 
We may be sure tbat common aonse and Dccesuty will yet eiiTj I 
the day in favour of iron, ami that while private builders will Itt I 
largely employed, the Government eBtabliehments will be gimilo- | 
ally adapted to work in iron also. The certainty that live shelle I 
may be fired through the thiekeat armour plates, to burst n*"* 
the eidea of a timber-built ship, will not, however, be very «•»■ I 
suriug to the oiScers and men who will have to serve in th« fiv* I 
vessels about to be commenced, and this &ct, among many otbtn I 
of equal weight, leads us to hope tbat these wnodea-sidos may be I 
the last of the kind to be constructed for the navy." 

67. The chief UifRculty in armour-plated ships seems to belAtfl 
pruttetion of the bottom from fouling. Government has offeiedsj 
premium for a sheathing or other composition which will effecl 
prevent this. Several plana have been tested at Portsmouth, h 
none seems to have fairly prevented the mischief 
ject the following is an abstract of a paper read before the Inifi'fl 
tution of Naval Architects by Mr. Hay : — 

"The author remarked that a few years back the disadva 
arising from the oxidation and fouling of iron, and the oonseqiM 
necessity for docking, aa well as a loss of speed, almost led ted 
determination on the part of the Admiralty to discijiitinne Ui 
construction of iron sea-going ships. But nt a time when III 
executive were debating about the sale of the whole of the U 
ships the results of several experiments became known, 
paration of oxide of copper had been tried upon the Undine il 
severe! other vessels, and answered so well that the Qui 
decided upon retaining those iron vessels which they had ) 
sold. The author had tried many experiments that had o 
to him, but none stood the required tests so well as oxide of o( 
An experiment was tried on the Rocket in May, 1845. 
amination the results were foiuid so satisfactory that, at Qnfl 
^estion of Admiral Sir Hyde Parker, she was coated in A 
1847, with alternate stripes of red lead and copper compc 
and when docked about the middle of 1848, she prei 
' iiu appeai'ance, many of the red lead patches being c 
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wing weeds three or four feet long ; while the patches 
■OEdtion were generally covered with a. httle slime, but there I 
neither weed nor corrosion on them, A seuond esperiinent I 
Dade in September, 18i5, on H.M. jacht Fairy. Three differ- I 
inds of oompoaition were then tried. With reference to the i 
two, one by a Mr. Owen, and the other by Baron Wetter- j 
I oxidation had gone on very rapidly, while with the third, I 
h, consisted of a composition of pitch, naptitha, and copper J 
ttfiemicaJly prepared by the author, no oxidation had taken 1 
mtpd the only defect perceived in it was a partial flaking off I 
Bned by its being put on the bottom whiJc in a wet state. I 
uer experiment waa tried on H.M. ship Kecruit, in April,, j 
The copper oxide preparation was put on the port sid^ J 
burnt linseed oil and red lead on the starboard side, excepting I 
.ce amidships, 4 ft. square, to which the oxide of copper pw ■ 
lion was appheiL On her return from the T^is, the port. J 
was found to have no adhesions, excepting about one (~ 
L baroacles ; while the staiboaid side, excepting the space i i 
[uare, was oOYered with bushels of the Lepue Anati/era, ot I 
barnacles. Of all the various compositions tried, oxide of i 
BT had up to the present time been unequalled as a protectoB f 
e iroa The next best materials for protectii^ iron wei 
rproof glue, and a varnish of foreign asphalte and mineral I 
L dissolved in rectified naphtha, bit these I'equired great at- J 
on to the quality of materials, and also to the appHcation of I 
u The basis of the anti-fonling preparation, which had for | 
I past been used in H.M. service upon the author's rt 
iation, waa sub-oxide of copper. The oxides of copper used i 
S purpose were the scales separated from sheets of copper I 
Ifpickling' process. These scales, after being pulverised, f 
1 with a varnish made of vegetable pitch and rectified J 
The author wished it to he imderstood that the p 
n coating, when used with the oxide of copper anti-fouling 
•osition, was not intended merely to act as a non-conducting 
1 to prevent galvanic action, but to protect the iron from 
X action resulting from the action of air and sea-water on 

It appeared to him that this action was little under- _ 
pidging itom printed statements which occaaioneillY a^fl 
i wliiok attributed the loss and conoa^uii ul '\ 
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galvanic action of copper preparations, The copper oxide p 
could nut act OS & galvauic agent, as everf particle nf oxide ^ 
copper was insulated by the oil of varnish in which it was en- 
veloped, and unlike preparations of a metallic character, whioll 
had been frequently tried, and required oxidation previous td. 
combination with chloric acid, the oxide of copper was, as Boon H 
uninsulated, ready for chemical combination with the elements (rf 
the sea-water. The author admitted that one great difBcuItjbld 
existed since the firat use of copper oxide — that of requiring caws 
ful supervision in its application, for when the varnish was mai' 
too thick it became locked up, and much of its usefolness Wi 
destroyed in not coming in contact with the sea-water ; anij, a 
the other hand, when the varnish was made too thin, the oxi^ 
sank to the bottom, and, if the mixtnre were not continoaiilf 
stirred, it got left thero, and did not reach the ship, He had oi 
however, he stated, BUGceeded completely in suspending the a) 
per oxide during its application. He takes the puce-colouted' 
sub -oxide of copper and roasts it till it takes up another eqnn 
lent of oxygen and is converted into black oxide. This is th 
boiled with linseed oil until it assumes its original pure aulDnrtl 
sub-oxide : the oil so treated becomes a quick drying oil, Utdi 
capable of suspending a large amount of copper oxide. !bilii 
plana for the auti-fouling corapo^tion the author included Half 
plication of zinc plates inside and outside of the hull of the A"" 
to prevent oxidation irom abrasion or other causes. ThaM W 
numerous parts of iron ships of war which requires chemt 
supervision, as not only should every metallic fitting electro-ne^ 
tive to the iron be insulated, but every pieo« of timber shoa' 
be insulated, especially in the bilge ; for when wood decayed U 
contact with iron and sea-water it produced sulphuretted hydrt 
gen. Certain woods, however, were leas liable to decay than othffl 
wlien in contact with iron, and among them were teak and ei 
wood. In conclusion, the author alluded to the statements n 
respecting the foulness of the "Warrior's bottom. He said tl 
after she had been out of dock nine months she had n 
whatever on her bottom, although she was coated with the g 
expedition, it being then thought that her presence would Iwi 
quired in American waters." 

,1 The fnUowing ^ & &\uii^ Wt ^raotical p^a 
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the Glasgow Pliiloaophical Society, lay James Robert Napier, on 
" Sections of least reiiatauee fw ships of limited breadth and 
limited draft of water." 

" As the friction of water along the auhmerged surface of ships 
forms an important part of the reeiatanco to be OTercome it ia 
desirable that this surface be the smallest possible consistent with 
other coaditiona. 

"The common problem of passing a curve of a given length 
through two points, so aa to enclose the greatest area between the 
carve and the straight line joining the points, may be applied to 
the construction of all vessels whose breadth and draft of water 
ue not limited. ■ 

"But there are many cases where both the breadth and draft 
cf water are limited, it may be by the width of dock entrances 
And the depth of rivers. Then the prohliim becomes to enclose 
within a rectangle of a given breadth and depth the greatest area 
'with the least wetted boimdary that the enclosed area, divided 
by the wetted boundary, may be a maximum ; for then, what- 
ever form it may be considered necessary to give to the water 
Itties, the vessel of this breadth and draft of water, with this 
ffidabip section, these water lines, and with the narrower sections 
'crastructed on the same system, will have tlie greatest displace- 
Humt or volume below water with the least surface for friction, 
and therefore the least resistance. In this sense I have called 
a sections of least resi^ance. 
a construct these sections the problem reduces itself to find- 
Fig. 9. 



1 breadth and draft 
rea, divided by the 




e radius of bilge, wliich, ivilli the give 

!, shajl complete the section, whose 

I boundaiy, shall be a . 
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Let B be the breadth of the vEsaeL 
) the draft of water. 
r the radios of bilge. 



Area of Section, 



Wetted ljoandar7, ~ 
Therefore, 

Q'86S r fi r X denomiaiator — 



(B + 2i)»-— 0'8B8« 
O-i'29 rt — (B + 2S)r = — B) 
( B + 2 S) r _ _ Bi 
0-429 ~ 0-439 

A quadratic* qnation from which the radius is 
B + 2!— (■BJ + 4S2 + 2-28* B 



Ejiamples. — When i = 



iH 



= iBr 



:Q70 I 



By describing sections in a rectangle whose breadth B 
ivice its depth, it will be found that 

Area of rectangle Bin _ 

Wetted boundary ~~ i ) ' 
Area of semicircle j fia 



= 0-Si 



Area of bast se 



Wetted boundary 



3^ = 0-6 3 
0'43 X (Q 5ii)» _ 



Wetted boundary 4 ! - 

showing that when the radius of hilge ie 0'54 times tbe & 
water there is a, gain of about 6 per cent, over the s 
or rectangular section. 

" Professor Macquorn Eankine said that he had revised I 
mathematical investigation in Mr. !Napier'a paper, aod could a 
roborate its accuracy. Its practical utility arose from the I 
that the whole, or nearly the whole, of the te 
of a well-shaped ship arose either directly or indirectly from t 
tion, A theory based on tliat fact had been applied to prai 
[ning steajoshipa e:nd. t^e,vc eu^es by Mr, Napier o&d ■ 
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lol^ in December, 1857, and subaeqiiently, and in every instance 
rith Bucceas, He had read a. paper giving a general account of 
be theory, and an explanation, of tho practical fornmlB deduced 
Irom it, vith tables of comparison between their results and those 
)f experiment, to the British Association, in 1861. That paper 
was published entire in the CivU Engineer and Arekiteet'g Jour- 
nal for October of that year, and, in part, in other engineering 
periodicals also. The theory was coanected with some researches 
OH the motion of waves, which were read in abstract to the Britiab 
Aaaociation, and in full to the Eoyal Society in 1862. 

" As might be expected in a theory whose practical application 
"was only four years and a half old, varioue questions still remained 
to be settled by experiment A serious obstacle in the way of 
ubtaining exact experimeatal data as to such questions arose from 
waat of precision in the indicator diagrams of steam-engines, 
wpedally in engines of rapid stroke, which was produced partly 
by the friction of the indicator, but chiefly by the oscillations of 
ita spring. Owe of the heat means of diminishing the extent of 
these oscillations, and the effect of friction at the same time, was 
to increase the stiffness of the spring and ilim inia h the mass of 
tte indicator pistoiL He had aeon at the International Exhibi- 
tion an indicator (that of Mr. Eichards) in which that principle 
W been adopted, and so far as he could judge from having seen 
ii in action two or three times, with very good results, in point 
of precision. 

"A comparison of the diorama given by a very accurate indi- 
cator applied to the engines of such vessels as the Admiral, the 
■Athanasian, the Lancefield, (fee, would settle some very important 
points regarding the comparative advantages of straight and hollow 
^filter lines, &c Unfortunately, wh.en vessels were engaged in 
liude it was difficult to find opportunities for making scientiiic 
experiments upon tbem. 

" The special suhji_-ct of Mr. Napier's paper, however, was not 
toe of these problematical points; for there could be no doubt that 
^ diminish a vessel's mean girth, as compared with her sectional 
Bea. was a certain means of dirainisbing resistance ; that princi- 
iSa, indeed, had been admitted ever since friction had been recog- 
igad. as one of the causes of resistance ; and Mr. Sii-^Wft m- 
Q ahoiti>d how to carry that sort o£ diiiuu.u\>\oix aa W a& 
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pOBsible under the clrcumstancea stated b; bim, viz., a lised ei 
treme breadth and draft uf ^'ater. 

"The importance of smalbiesa of girth in diminisbiugresifitanBi 
was strikingly aliown in the case of the well-known match b» 
tween the yachts Titania (now called the Themis) and Am< 
The Titania was the smaller vessel of the two, and had the 1e 
capacity for carrying sail ; and in order to make her speed eqoil 
to that of the America, her friction ought t« have been leaa in tb4 
same proportion with her capacity for carrying saiL fint whib 
the cross-sectione of the America were nearly triangular, those ol 
the Titania were formed by ogee curves of great concavity, pro- 
ducing a comparatively large girth relatively to her capacity ; UiA 
although the Titania had a smaller mi^hip aection than ih* 
America the quantity called tlie ' alimented surface,' upon wbiclL 
the friction depends, was almost exactly equal in two vessels, ul' 
hence the Titania, having the less power of carrying eatl, wM 
beaten in the race." 

69, The following article on the " Science of Ship-building,' 
and referring to the above paper, is from the pages of the " Sciai' 
tific American." 

" It baa hitherto been the common theory respectiiig naml 
architecture, that the speed of a vessel under a given power it 
mainly dependent upon what are known aa her " water-linea," fll 
shape from stem to stern. The main study of sbip-buildeis In 
therefore, been to perfect these bnes bo as to diminieh t 

and avoid the formation of eddies while the vessel is in 

Probably they have reached perfection of model in this leepssii 
bnt much room was still lefb for improvement iti another impi 
tant particular. The weight and inertia of the water to be d 
placed by the vessel, does not constitute the whole of Uie reri 
ance to be overcome. A lai^e additional amount arises from IB 
friction between the water and the entire submerged sur&M I 
sel. This is due to the viscidity which water posseu 
a with all fluids. A film of water adheres to the e 
. submerged surface, and when the vessel is moved there ia ti 
I UBtanoe to be overcome, arising from the cohesion of the p 

constituting the film with the particlea lying next to them. 
1 coarse, this resistance will be overcome in proportion as the n 
W VW^ veema highly impc 
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to form sucli tranaverse sections of a vessel as shall, with the 
maxiraiira area iir contenta below the water-line, affurii the 
mum extent of bounclary line or wetted surface. This problem 
forms the subject of a paper lately read before the Glasgow Phi- 
losophical Society by James K. Napier. In the conatruction o 
vessels whose breadth and depth of wnter are not limited, the 
question reduces itself to the common nmthematical problem ot 
passing a curve of given length, through two points, so as to en 
close the greatest area between the aurve and the straight line 
joiniDg the points. But when the breadth and draft of water 
are limited, as by the width of dock entrances and the depth of 
rivers, the problem is far more comjilioated. The given dimen- 
uons of breadth and depth afford a lectungiilar space within 
which it is required to enclose the greatest area with the least 
fstent of boundary — wetted surface of the vessel. A transverse 
section of a vessel thus constructed will aSbnl the greatest dis- 
placement or capacity below the water-line, with the least surface 
far friction. The breadth and draft being tiius given, the prob- 
lem is to find the radius of curvature, or radius of bilge, which 
will afford the shortest boundary enclosing the greatest area — 
tbe line which wiU secure the greatest carrying capacity with the 
least friotioaal surface. As this radius is formed in terms of the 
breadth and depth, it can be applied to the construction of all 
the transverse sections from the stem to the stern of a vessel. It 
does not interfere with the water-lines, and thus these ' sections 
of least resistance ' may be introduced into a vessel having water- 
Itnea of any desired model. "We can scarcely do more in this ai'- 
ttole than indicate the general process by which this ' railius 
rf bilge ' is found. Such a curve is to be found as will enclose 
tlie greatest area with the least boundary. Of course this area, 
divided by the proposed boundary, naust be a maximum. Ey the 
netbods of analytical geometry we first find this proposed area in 
.JiBcmB of the proposed breadth and depth and radius, (the latter 
Iftjet being an unknown quantity). In the same manner we 
find the proposed boundary in the same terms, the unknown 
OUUus being likewise involved. Placing the value of the area 
tfU a numerator, and the value of the boundary 
IK have a fraction of which we have now to find thi 

I IhifliBieadi^done bjthomethodaoi theiifisieu'ttvii.'aii:- 
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cuius, A quadratic equation appears in which the radine is the uu^ 
known quantity. Solvinft this equation, we find the value of thB 
ladiua in the known terms of breadth and draft. This is the ladint 
nf curyature which will afford a maximum area below the wab* 
line of a vessel with a minimimi amount of surface. The follow, 
ingare some values of this radius, for given hreadths and depths:—.' 

"1. WiienI)(dept!i) = 4B(breadth),thenr(radiu3) = 
2. When D = 2 E, then r = '23 B. 3. When D = B, then 
r = -35 D. 4. When D = i B, then r = "Si D. 5. Wm 
D = J B, then r = -63 D. 6. When D = i B, then r = -70 R 
" Taking the iburth of these propositions where the depth ii 
one-half of the hreadth, and constructing a section with tie » 
certaiced radius, the area divided b; the boundary gives a result 
expressed by '531 I). When we make the section a simpK 
semicircle, the area divided by the boundary gives only '5 D; 
slmwiiig that in the proportion of surface to area, there is a guK 
of about six per cent in the section above described o 
circular section. The gain is still greater over sections fonnad' 
by ogee curves of great concavity, such as are sometime* BB" 
ployed on vessels. That cross section which gives the giestwt 
ratio of its area to its boundary is entitled to be called ' the » 
tion of least resistance.' It follows irom this also that of ti 
steamers, equal in displacement and capacity, with engines of tiii 
same power, and equally well modelled as to water-lines, the ona 
will excel in speed whose sections are constructed with the radiw 
of bilge as found according to the method set forth in the pa| 
of Mr. Napier. These results of pure mathematical science I 
not chimeras, for they have been applied with unprecedented ffl 
ceaa in the construction of several steamers in Glasgow, and th 
most ere long come into general apphcation. They fimudf 
another illustration of the value of pure science in promoting til 
progress of the useful arts. Mechanical ingenuity, however gi 
it may be, cannot dispense witli the deductions of science, b 
ninet employ tbem in attaining the highest results." 

60. Up to a certain point in the history of the art of n 
I Bfaip-buililiijg, we iiud that there are two systems, each a 
I with uncompromising eagerness, namely, the " wood " and " 
of which the latter may be said to be one in thelt 
^. JHFour, ao ttincli eo,t,\uj.t. uua aeec\i^u:t\se<^njidually sapejMd 
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wood. Numerous as are the advantagea of iron for ehipe, 
it is indiBputiible that it possesses a very great disadvantage 
in the readiness with which the bottoms " fouL" Attention, 
therefore, has been drawn of late to the advantage of a com- 
proniise of material to be used, by ■which all the strength of iron 
cnnld be obtained with all the advantages of wood in the preven- 
tion of fouling. Another objection to iron is " local weakness,'' 
Under the title of Composite Ships, the " Mechanics' Magazine " 
has an article, in which the leading features of the system are de- 
scribed, of which we give an abatmct : — 

" Two vety excellent specimens of this description of vessel 
may now be seen, one at the building-yard of Mr. Langley, at 
Deptford Green, the otber at Messrs. Fletcher's, of Limehouse. 
Both of them are building under the inspection of Lloyd's sur- 
veyors, with a view to their classificaEiion in the Eegiater book, and 
both will be classed for a high term of years. So far as the rules 
of Lloyd's bear upon the conatractiou of composite ships, the ves- 
sel at Mr. Langley's establishment is constructed in accordance 
with the scale given for iron vessels of 1,000 tons burden, but 
as there are many points of construction upon which no definite 
roles have as jet been laid down, we propose to give the follow- 
ing few particulars concerning her: — 

" Her keel, which is of American elm, is 226 foet long and 
16 inches sqnare; heraternpost and stem are of teak, each having 
wore than the ordinary moulding, or breadth, in a fore and aft 
direction, in order that the wood ends may be well supported and 
bolted, and properly housed in the double rabbet provided for 
Ihem. Fore and aft the keel, rising well up the post and stem, 
and firmly bolted thereto, is wrought a flat keel-plate of iron, 
36 inches in breadth and |ths of an inch in thickness, and this 
may be said to form the foundatioTi for the iron frames whicli 
come upon and are firmly riveted to it. The loagitndinsl strength 
noold appear to be well provided for, the stringer piates on the 
iron betons at the sides of the vessel being 32 inches by -^ths 
of an inch, in addition to which is a gunwale angle iron, 5 inches 
by S inches by j^gths of an inch, a sheerstnike 20 inches by 
Aths of an inch, and, of course, the usual longitudinal and 
d^gonal tie-plates on the beams. Both outer skins are comi^osed 
pS^'S-inch teak, wrour^ht lun^tudinally ; tbe goi^Kiai^ ^i&i!s£%a 
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Lowftver, being 4j inclica io thickness, tlim giving a sutetancs 
of 9 inches at a part of the vessel where such a provision ii 
valuable. Throaghuut the entire hull of the ship, the inner skiQ 
or that which is wrought agaiuat the iroa fnimea, is doobl 
instened, there being two |-inch gaivaniaed iron nut and 
sci'ew lii>lts in every pknk at every frame, their lieada bi;ti)g lat 
in flush with the outside surface of the planking. And n 
come to apeak of n proviaion which, consiilering the manifold uiS 
varying strains to which a ship is subjected, must be of almoet 
incalculable advantage for seouriug general strength throogtimil 
the hull. This provision consists in two seta of iron a 
inches by 4 an inch, extending from the top aides to the bottom 
spaced about 4 feet apart, measured on a square, and w 
diagonally. The £rat set are let in flush with the outside si 
of the inner or first skin, and the second set are worked to 
) first at opposite angles, thus forming, as it were, a network 
iron straps throughout the hull, secured to every frami^ SDif 
tending to bind the whole of the planking as one whole dniL 
The outer skin is now bronght on, covering the seams of the in 
one, and double fastened to it throughout by f -inch yellow m 
bolts, clenched, of course, on the inside of the inner skin. 

" Here, then, we have a ship, the entire frame of whioh, ^ 
gether with the decks, beams, and other internal fittings, posaM 
all the strength of those of an iron ship, the two Lhii^eBsea rf 
3-inch teak, and the two sets of diagonal riders, being anb^ 
tuted for the outside plating, thereby affording the oppo^ 
nity of coppering the bottom without the slightest diaadvaiibv 
and, at the same time, the great evil of local weakness is avoit 
"We may go on improving the manufacture of our iro 
get it to bear double the tensile and cross strains it now b 
we may argue that a ship should be built on the ' girdei 
ciple for strength, and we might quote theory to prove ii 

ur advances; but stern daily practice brings us beckid 
eope with matters for which theory does not provide, and.fil 
I vhich it is not likely it ever can provide. Ships will ootao iol 
I. diaaatrous collision, will run upon shoals and sands, and wiU <* 
' sionalty bump themselves upon the tops of sharp-pointed r 
L und recent experiences go to prove that these occurrences a 
'pMtyOBXia rare exc«ptioa&-, oa ^\.\« Qther hand, thecal 
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mt and alarming, and it wou!J not, we think, be saying too 
iath, if we uftirmed that every ship constructed might be ex- 
r pected til meet with the casualty of grounding at least two or three 
famea during the terra of hor nataral life. When by any chance 
1 vessel lands herself upon the rixiks, her chances of escape 
ira few and small We know, of course, of cases where they have 
ived, but it is not well to reason upon exceptional oases, 
wwe might instance the loss of a large, new, strong iron steamer, 
ailed the ' Kun Her,' whicL vbb lost, not under circumstances 
of perilous weather, she having ruin into tbe harbour of Terceira, 
passed the shipping, and actuaUy brought up to anchor, when 
^a struck upon a rock, and became a total wreck. Concerning 
wood ships, however, what we know is — and the evidence of the 
vessels themselves in dry docks confij'ra, while their logbooks 
attest the facts — that scores of them have been on the ground 
and rocks, tliuaiping and chafing for hours under conditions which 
would have rendered the strongest iron vessel a total and irreclaim- 
ibl» wreck. 

" In comparing these vessels witli those built entirely of iron 
the two chief points of superiority, it may be said, consist in the 
wooden bottom, whereby early fouling and local weakness are 
avoided ; but in comparing them with ships built entirely of wood, 
they appear to possess several advantages — first, greater capacity 
for siffl of hull; second, greater general strength of hull; third, 
less liability to decay; and, probably, they will prove less costly 
to repair. At any rate, all the essential parts of such a vessel are 
always exposed, and to be got at, while the frame timbers of a 
wood ship are shut up &om its birth, and often not opened until 
dry rot and sap have worked dreadful ravages. Many, very many 
shipowners know this to their cost, and will, we are sure, endorse 
this statement. 

" There are, however, one or two points in the construction of 
iheae composite ships which appear to us to be worthy of further 
oonsiderotion, and which, we think, will commend themselves to 
the attention of ship -builders. In the first place, we would like 
to see the flat keet-plate of such a thickness as would wairant us 
in believing that it would last the vessel her lifetime, because it 
really forms a most essential feature of her, while its position ren- 
dere it both difficult and expensive to rep^. Tbsitt, ^wiu,-^*;. 
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think that those flanges of the iron frames which receive the fesfc' 
eninga of th^planking, might, with prudence, be slightly ie 
in breadth, seeing that, in a double-faetened Tessel, the bolt hold 
in them are very nuraerona, ami, in many cases, so near thaj 
edges aa to impair their strength, ^ext, we look upon it a< d 
airable that the inner of the two outer skins should be at lead 
lightly canlked ; and, although we have stated our preference ft 
the employment of the two skinB of outside planking, yet n 
tion whether it would not be wiser to stop these at a short d 
tance from the keel, and intro dnce a few strakes of thick plaakinj 
rabbeted edgewise, and the garboard strakes themselves ( 
bolted from side to side. Ail these are only small points in t 
selves, but we know of no other mechanical structure in whiol 
it is so essential to keep always in mtnd the fact that a p 
whole can only be produced by unremitting attention to ra: 
of detail, for we know of no other structure, of even approachiifl 
magnitude, which is subjected to the trials and strains, the vf ' 
situdes and misfortunes, of a lieavily laden ship at sea." 



1,; DIVISION EIGHTH. 

METALS DSED IN CONSTaUCTION. 

61. The following arrangement of this division will 
rcJidy reference to its contents; — a. Cast-iron and wrought dittoj 
6. Steel; c. Lead and other metals. On the historical points ■ 
nected with the introduction of iron, Mr. Fairbaini, 
read before the Literaiy and Philosophical Society, Newcastl*- 
ttpou-Tyne, has the following ; — 

" It requires no great depth of research to discover the 
when iron first came into use in aid of our manufocturii^ ' 
try. It is almost within the recoOection of the present gt 
tion, and we may safely date its application to the discoveri*! 
Watt and Arkwright Its extensive use may date from the « 
I mencement of the present century, or, more accurately, from' 
I close of the war, in 1815, when a new era burst upon the COQI 
' IB lifts of peace. 'FTom^a.'iiUme'a.'^ to the presentthant 
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jntmuoue and amazing increase — an increase unparalleled 

^tory of nationa, and without example as regards extent^ 

iried forme of npplication to conatructiye art. It must 

e recollection of many persons now living, how very im- 

f our machines and mechauical constructions v 

20. At that time the steam engine hod certainly attained 

^ble shape in heing composed entirely of iron, and millwork 

let emerging from the state in wliich it was left by Smeaton 

Both, of these engineers had introduced tmprove- 

y Buhstituting iron for wood, ajid the latter, in his con- 

I of the Albion Mills, was the first to supplant the old 

a wheels by the more compact and ingenious constructions 

t-iroa. Smoatoa and Kennie may, therefore, be considered 

.oneers of iron appHanoea." 

A moat elaborate paper was read before the Scottish Ship- 
ira' Association on "Iron — Its Molecular Structure and 
Mic Distribution," by Mr. Paul Cameron, and was fully re- 
l in the "Mechanics' Magazine," of which report we here give 
,h illustrations — an abstract taking up the principal points 
d o£ "This auhjeet," says Mr. Cameron, "is attended 
many difficulties which stand in the way and break the con- 
ig links in the chain of our process of reasoning. I may 
ly admit that I have not selected it with the view of clearing 
these difficulties. My object is to bring before you an out- 
f the various theories that have been proposed, to account 
le metalliferous formation, and my endeavour to trace how 
e magnetical influence may have induced their strncture and 
lidation. 

Ve have not as yet definite ideas of the molecular forces 
I induce the ms^etic condition, so that on this question we 
ee to advance ?nch ideas and principles as will bear the test 
periment, and from these deduce tta probable results." 

[ reviewed the various theories proposed tn account 

3 formation, and concluding this review by no- 

. Hopkins' theory that " all mineral veins have been 

^y magnetic currents," Mr. Cameron proceeds : — " By 

y or magnetic iniiuence wo possess the power of composing 

mpoeing bodies, causing the union of simple substances 

ds; and it may be also appUed to ^.Ve se'^'oiaun- 
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of compounda into their elem.eatary constitnents. Ita secret in- J 
fluenoe is actively engaged in the development of all tha Vi 
forms presented throughout nature. The forms which a 
matters assume have been termed primary and t 
latter being derived from the former. The primary fi 
crystals are supposed to bo six, as the cube, pmia,-e 
jiarallelopiped, &c. From these the varied forma o£Q 
are induced . ' . 

" Before proceeding with the inquiry as to the I 
sisting between electrical energies and matter, it B 
we assume s hypothesis, so that in our pro 
keep the foDowing propositions clearly in view : — 

" Energy is a function ; and its immediate inx 
depend on the atomical structure of the massj thilUM 
whose energies are equal, the bodies ore then equal tl 

" When two bodies differ in energy, the one 
sorb from the other until they become equal, 
iuduoes energy in all bodies within its sphere of acti« 

" When a body is acted upon by energy, a progreesiTA e 

takes place in the structure of that body, the change being a- 
pansion or contraction; so that these bodies may possess uc'jtK 
enei^ without indicating sensitive enei^y — tliis dep« 
the condition of the mass. Eneigy in equilibrium is I' 
not in equilibrium it is sensitive. The particular molecules ffl 
matter arrange themselves in a particular way when expandti 
ami re-arrange when contracting ; and it is the particles so cba 
ing their arrangements, if we conceive them, to be of a cubic, jn 
inatic, triangular, spheroid, or oblong form, which causes ci 
tion at the beginning and expansion at the end. This is 
indicated by all metals. K we reason as closely as possi 
the following definitiuns — 1st, energy; 2d, polarity; 3d, 
sion; and, 4th, contraction, these appear to me to form (' 
principles of acbion. In order that we may more clearly qqAk 
stajid these definitions, let as suppose that w " 
triangular steel plates, and combine them so as to form a pat 
gram similar to the diagram A, lig, 10, taking care that the n 
grain of the metal runs in one direction ; when they are boundll 
. getber, magnetize them by any convenient mode, and they V 
frcranbined niE^et., each Bud iudtcfttiug poiutty^ Ifwe<lf 
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^ ii'iuiiglea, eacli will I'urni a diatinct miignet of itaelf. 
ich oube or triangle to represent certain forms of atoms 
ipoBS the mass of matter, liuwever diiferent ths atomic 
tatter may be, these, at least, o-mvey to our ideas oeitain 
ps of arrangement, 

feirinR to the diagram E, fig. 1 1, it will Le observed 
olaritiea of tbe cube, marked n and s, are so arranged 
kct each other, this indicating cohesive eneigy, also 
auce of solidity. 

2 (C) represents a cube and triangle attached. Ey tliis 
at it will be observed that the solidity is not so conj- 
the former, the s o poles repelling each other weakly, 
I e attract each other, this arrangement weakening the 
Jie mass, and making it more brittle o 
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effect, The energies ass convey to us an iilea of the cause of 
the latent heat of fluida and the light vapour which arises in the 
absence of sensitive heat. 

" By reversing the triangle a, that is, to place the k to n, all 
the polaritieB would then he repellant, so that neither solid nin' 
fluid could be foniwd ; he&oe ve can form an idea of the ^iiseout) 
airangentents ; vheB the uDergj of heat is applied, their grejit 
expansion, and triieo the energy of furoe is •^ilied, their great 
oompresaion, eximse pressure forcing many of them to assume tlie 
fluid form. 

"The first definitions of mngnetiaio are attraction and repulaion. 
These clearly imply two distinct and opposite forces. For the 
fvidence of thia we are referred to tlie magnetic bar, the one end 
attracting and the other repelling. "We may naturally inquire. 
Does the one-half of the bar attract the force and the other repel 
iH We know of no law which can assist us, hy any process of 
reasoning, to offer an explanation. We know, by the mechanical 
Uv? of forces, that forces which are equal can only remain in 
oqnilibriuin, and, for the time, cease to indicate energy or force ; 
bat we know that thia energy still continues. Then, does one- 
ball' of the bar receive one deaeription of force, and the other an 
opposite. This aeems equally absui"d. Then, do the forces re- 
siile in the barf We think not; for we know that we can. in- 
duce it in bars that seemed to he free of it, so far as indicative of 
eiwrgy or power; we also know, when we induce magivetisni by 
piiyBical action or otherwise, that the structure of the mass coni- 
(wrang the bar und'irgoea a change — that of expansion — thus 
dearly indicating that a certain arrangement within tlie mass is 
I necessary previous to its indication of the magnetical energy. 
Te may now freely inquire, — Did the mass, in its former arrange- 
inent, resist enei^y, or was the energy in equilibrium with the in- 
Wtnees of matter, waiting for the touch of energy to overcome the 
.Bquilibrium of theniasi:, and reconstrnct it so as to indicate euergj''! 
>?ien is energy not a property of matter? We think not. Mat- 
'fcr wjenis passive, and is acted upon, by impulse or enei^, which 
la M-existent with matter, hut independent of it. 

" Let us now endeavour to explain why attraction and repuli 
wv indicated in the magnetic bar. I have often endea.vo'M^ii 
a the mt^netical indications on hydrcHtatvoti \nimra.'^J^s* — 
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that of the flow of fluids forming cuirents. Tlieii let us, \ 
an&logy, suppoao a curreut aetting in any particular direction 
eimilat to the annexed engraving. Suppose the force of the ci 




itiit setting fmin nortb to south. Now let us auppoHe the tv 
of another current of less power, setting in the opposite diiec&n 
— that 13, from south to nortli. It will be evident that, if ti 
opposite currents were equal, they would repel each otheii ai 
thus induce motion at right angles to that of the others ; ' ' "' 
one being weaker than the other, becomes absorbed by the Btroagu 
so that this, BO far, represents to us the effects indicated by b 
magnets; the poles of the weaker would be reversed by tl 
stronger currents. 

" In reajioniiig the magiietical indications on Lydrostatical prim 
ciples — that is, the flow orf a current — it may be necessa^, b 
fore proceeding further with the magnetic laws, that I defiu^ 41 
clearly as possible, those terms which we shall require a fiM qi 
of in the examination of the causes that produce the deviations^ 
the compass in iron ahij)3. 

" The polarities of the magnetic needle are the first indi 
of energy which we may call magnetical force, magnetioal a 
or magnetioal influence. There is one point that we mast ei 
voui to form as clear a conception of as possible. We havBA 
as yet any clear definition of the terms ' polarity,' ' polan 
These are generally understood to express two opposite f 
nttr.iction and repulsion. They have been defined l^y 1 
Wliewutl a-e a conlrast of pTopeiiiea corresponding to a am' 
of positwns. In the first part of this definition we haTB sl 
difficulty to contend with, as we cannot well define or concw 
a contrast of properties. Of the latter we can form some 
B cannot well conceive of energy or motion being a cont 
iSj and U aemoa eNiABnt Uva,t, a;s long as we ri 
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■gy being a property of matter, we shall still have to contend 
I those mechanical facta which will at all times stand 
1 when we endeavour to rea^Mn the magnetical laws on nie- 
lical principle*. There is no good reason why we ouylit to 
.id energy or motion as a property of matter. Let ua assume 
I the meohaaical laws are correct, then let ua discuss the mag- 
cal laws on clearly- defined mechanical prinuiples. 
Energy is a function ; and its immediate indications in bodies 
md on the atomical structure of the mass : thus two bodiefl 
<se energies are equal, the bodies are then eqnal to one another, 
en two bodies differ in energy, the one continuea to absorb 
I the other until they become equal Sensitive eneT^y inducaa 
■gy in ail bodies within its sphere of action. Wlien a body 
;ted upon by energy, a progressive change takes place in th» 
dure of that body, the change being expansion or contraction.; 
hat these bodies may possess active energy without iudicatii^ 
itive energy — this depending on the condition of the mass ; 
■gy in equilibrium is latent, when not in equUibrium. it in 

The term polarity conveys to us an idea of enei^y of motion, 
great question now is, Is energy or motion a property of 
terl We think not, for we cannot well conceive of motion 
ing and then giving motion to itself, nor can we have the per- 
liou of matter giving motion to itself. It is true we have 
ly learned papers on the conservation of force into vis viva, 
still we are without the answer to what is energy. One point 
OS plain — that is, we can form an idea of matter being passive 
acted upon. In this view of the question we can reason ail 
cation of energy or motion on clear mechanical deductions : 
I, let ua fix in our mind the meaning of the terms polarity 
energy, and what we mean by them. Polarity we apply to 
ter, and believe it to be a certain condition or arrangement of 
atomic mass of matter ; and that matter, when acted npon by 
gy, is indicative of its influence — the amount of that infla- 
I depending on the arrangement or construction of the atomic 
J. I know that the question may now be aaked, What 
gy or motion 1 Perhaps a blank line might convey 
hiB point as any explanation I might offer in words. U 
n that seems for the time to be veiled ; ^\& 1 dn w:h~ 



1 




ENGINEERING FACTS. 



[D>v 



what I believe it to be. It is the pajeiit ol' matter ; it 
effect of an eternal and primary intelligent causo ; and its 
iin inanimate matter constitute one of the great sources i 
happiness in ohsei-ving and studying its laws ; but the qii 
may be equally asked, and with as mnch reason. What k m 
Its ultimate basis or properties we know as little of as wa 
the primary cause of motion. .... 

" Let us now assume that pularity lunveys to us a certaii 
dition of the atomic mass, which mass is pervaded by t 
which continues to act upon it, the atomic arrangement ir 
iiig the lines of energy which may either impede or defle< 
energy. From this we can perceive that, by certain arrange 
of the atomic mass, matter may be either compressed or nj 
thus giving an idea of gravity, cohesion, and expansion. 
this view of the question we may have as many conditk 
force indicated as the atomic form may have sides to reB 
Assuming this hypothesis of energy acting on matter, all tb 
ilitinns of force may be indicated as — 
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" That we may, by analogy, form some idea of t 
netic indications, let us suppose we have three tubes of anj 
venient length, and that these tubes are bo arranged that ' 
or gas may flow through them (see fig. Ii5), a, b, luid c. tl 
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6« evident that, wlien the current is flowing through each tiiho 
ft* upper onrts ft, s, are the including or attracting, which also 
Kpel that of the fluid which they cannot receive, anti the 
i(w»r enda repel, in consequence of the discharge of the fluid, so 
Hat the tubes are in a condition of attracting and repelling. Bvit 
lOppose the current in the tnhe o to be reverse to the former, 
Iho current passing up this tube will then ha in the condition of 
being attracted by h, as it will convoy the fluid from a to n, thus 
^naliung each other's fiirces by a continuous current beinj; 
tormeiL This, then, is siinilar to the effects of two magnets, the 
ue force equalizing the other, although the magnet a would atill 
iDBintain its condition of repelling B, Suppose these tubes to 
l» transverse to the indicated current, it will be evident that the 
emrent would cease to flow, and that the attractive and repelling 
(dicbb would ceaae to be indicated, although the flow might con- 
tiiiae without that force being indicated, this so far giving an 
fdsB of bars that are magnetized north and south, and fha^ that 
Ue not, also of bars cast and weat. 

" I have endeavoured to show that m^netism may be reasoned 
in principles similar to that of the flow of a current Then it 
(Tonld aeem plain that, when we discover the aet or flow of a 
wrrent, we may use means to eqmiliae that flow or set. We now 
Bme to the question, How are the magnetic currents indnced t 
It appears clear that the induced magnetic power depends on the 
ifcrmic arrangements of the mass, and that the magnetic influence 
nuy either bind or loose the atoms of matter. Indeed magnet- 
ism may for a time react against th« great natural law, but the 
wraker current must ultimately give way to the stronger. To 
indnce sensitive magnetism in a bar or plate of iron, the bar or 
^tle must be rolled or hammered in a line with the magnetic 
meridian. By thia means we induce a sensitive curi'ent of mag- 
tuliam in the bar or plate. Also, if the bar or plate he suspended 
iatlie magnetic meridian, it will acquire magnetism by induction 
irithout physical action. Magnetiam may also be powerfully in- 
Jnoed by the galvanic battery. 

"Tliflt we may understand thia more clearly, let us suppose 
^t we clip or twist a strip of irou in the magnetic meridian, 
it immediately forms a magnet. Suppose that we clip or twist a 
1 easterly or westerly direction, ite maigti«S.w^ ^ 
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indefinite to polarity; thus clearly indicating that ther 
current uf magnetism from aast to west to indoce magnetism ii 
iron. From this we observe that bats or plates nhich ma; h 
rfilled, hammered, bent, or clipped eaat and west, will be o 
tively ftee of magnetism, compared with those rolled or 
north and south. Thia, then, so fei assists u 
the deviations of the compasses in iron shipa. Then let nfl ietf 
clearlj in view these leading facts, that we ma; draw clear d 
ductions from them. Let us first examine the magnetic conditin 
of the iron previous to its heing used in the construction of t[ 
ship. 

" The rolling of the iron is the finishing process, ai 
mannfactnrer is concerned ; on the direction in wluch it is n 
and cut depends the strength of its magnetic condition. 
direction in which the iron is rolled may be favonrable totli 
arrangement of the atomic mass composing it. ~ 
rolled in a polar direction will at all times indicate a greats fli 
of magnetism.' From observations I have made in large ii 
manufactories, I have observed that iron, during the prucesid 
rolling, acquired an amount of magnetism, the quantity of tint I 
magnetism depending upon the direction in which it had b 
rolled ; and the magnetism so acqnired is not, in my opinion, it I 
all times destroyed during the constraction of the ship. ~ 
experiments of Dr. Scoresby on iron bars and plates, in reversing I 
or changing the magnetism, demonstrate the power we possess by I 
physical means of making the magnetic laws so far subservient 1 
to onr designs in the construction of our ships ; but while v« I 
keep strictly in view the utility of these experiments, v 
be careful in our deductions "ivhen applying them to tlis boiUingJ 
or construction of iron ships." .... 

" I have stated that the strength of the magnetic ocnditiod 
depends much on the direction in which the iron has been roUedfl 
and I am not altogether inclined to think that iron which readi]| 
indicates the How of magnetism is of an inferior quality. 
conclusion I have come to from extensive observation and pi 

■xperinienta. Keeping first principles in 
clearly indicated that the strength or flow of the n 
dcqpenda on a certain arrangement of the atomic n 
plates ; lotd U)ia a.Tcs.u^'EL'nvb'&t, tit the i 
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I iij the bara or plates being rollud in a polar directinn, which will 
U fill times iuduce a free current of m^netism ; aud I believe 
tliat Ibis atomic arrangement of tlie maaa is calculated to improve 
' i\w quality of the iron. It haa been proposed to determine the 
ijuality of iron bj its Tuagnetic condition — tbat is, iron which in- 
ilieat«s a free flow of mognetiEm ia inferior. XhiE may be doubted, 
u it will not at all times stand the test of observation aad ex- 
(leriment ; for we know from the latter that bura of steel which 
way be hardened near to the magnetic meridian will immediateiy 
iadicate distinct polarity, and the bar which may be hardened 
east and west will be indifferent to polarity, and will never indi- 
cate a strength of magnetism equal to the former when both are 
magnetized by the galvanic battery. 

Let us now examine the indications of the magnetic needle, 
that we may have a clear perception of the magnetic inftuence, 
from a eteel bar which has been magnetiiied. Suppose it to be 
placed under a sheet of paper, and iron filings strewed over it ; when 
tba paper ia gently tapped these particles form themselves into 
curves, taking a distinctive elliptical form, as shown in the annexed 
engraving (fig. 16) ; but if the uaagnet be held above the paper 
the effect ia just the roversa A. bar or needle will at all times 
produce similar effects to the above. The first of these apparent 
properties are attiiiction and repiilaion, T ]i;Lve pi'eviously referred 




to these properties, and endeavoured to show tliut those apparent 
effects are the result of one great simple primary cause — the flow 
of enec^y ; and it is only by a certain arrangement of the atomic 
mass tbat this energy is made apparent. Then it seems clear 
that this energy, in its indications, flows as a current. Tba s^*a!ui.c\\ 
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» is, Wittt are the indications when a current flows 1 F"it, ' 

lets ill B. particular direction, as north, and south ; I 
be evident that if a current were setting from aoulh to north, tt« 

currents must repel each other ; if they he equal, an eqnili- 
hrium is the result, and the energy for the time appears suspended. 
This, so far, gives ua an idea of the principles of repuli ' 
energy. 

" Again, suppose one portion of the matter which eiiei;gy h«- 
acted upun to undergo an atomic arrangement in conseqnenM tf 
the dominaacy of one of the currents, it is evident that the " 
of the current would be uniinpeded, and that which repeBid 
would now attract the former, and tho flow of energy 
follow the same course ; thus attraction and repulsion ai 
the material atoms impeding the primary flow of energy. On 
ferring to the engraving, the arrangement of the particles, * 
distinct elliptical curves, convey to us an idea of lines of eat 
completing their current, and returning tci flow again ii 
direction. 

" From the engraving {fig. 1 C) it will be observed that 
magnets is represented much larger than thd other, and the pole 
the smaller is repelUng ; but the dominant power of the 
would ultimately reverse the poles of the smaller, so that tb 
magnetic currents would set in the same direction j thus giving 
iiie« that poles, wlien dominant, may change the set of the moff- 
netic current to any point of the compass. 

" Than, let ua inquire what our experience and observations 
on board of an iron ship. Ln the first place, in ships tliat 
built in northern latitniles, tlie top of each rib or pillar f )rn 
strong south pole, the plating and beams occasionally weakuninp 
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p Strengthening tlie flow of miiguetisni, 8i> that the c 
lagnetkin on a ship's deck may be likened to a a 
currents and eddiea. The annexed engraving (fig, 17) represents 
the outline of a ship's dei;k, and also indicates the position of 1, 
2, Bad 3 compasses ; h m, maata ; a, catin skylight ; b, a hatch. 
It will be observed that the darts on each compass represent the 
diroction of the magnetic needle at the different points on the 
ship's deck, and ihaa give an idea of the flow or set of the mag- 
netic currents in the diffetent positions. Then it must be evident 
th&t if we find the set of the mc^netic current, we may equali^'.ii 
|_t}iat current by a similar power ; thus for a time inducing an 
fenilibriuni that the compasses may indicate correctly. That the 
aetie currents on a ship's deck may be better understood, let 
a sapposQ the current setting in any particular direction, as X.E., 
d that current inducing a deviation equal to one point at north, 
« other points following in a similar proportion. We know by 
stical experiment that, when we discover the magnetic set of 
« eurrent, we can experimentally produce similar deviations by 
I ^ii^ a magnet to an isolated compass, and thus induce similar 
I ieviatioas to those indicated by the compass on ship's deck. If 
n do this experi men tally by one magnet, wo must than have 




te power to correct it by plin:ni>,' n similar magnet parallel with 
" ' '^' % eaw to piaofl the magnat w thst Uie B*t of it 
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current may run in the reverse direction ; the two currents woaldB 
thus equalize e»ch other, and the coinpaKa would indicate freetj. W 
This maybe better understood by the annexed engraving (fig. 1" 
The circle represents the outline of a compass ; the m^net a, thewtfl 
of the disturbing cuiTent ; the correcting magnet B, the set of ihim 
tiiagaetic current reverse of jt, as indicated by tho darts ; thus UmI 
two forces equalize each other, and the compass indicates frwlj.* 
This will be evident when wa come to examine the compass deri-B 
ationa in the various ships. 

" It is now generally admitted that in an iron ship passing ftoml 
a. northern to a southern latitude, what we tenn the natural d»>| 
viations undergo a considerable change. The amount of tl 
change depends much on the original deviations — i.e., whentiul 
deviations are small, the change will be in proportior 
ships where the deviations are great, the change will be ij 
similar proportion. 

" If the adjustment of the compass by a single magnet be t 
fact that we can demonstrate, then it is not necessary tltat a com- 
bination of magnets be used. With the single mi^net there ai 
many advantages. If the natural deviations be induced by 1 
magnetic current setting in a particular direction, by placing lh« 
correcting magnet so that ita current might set in the oppcsik 
direction, the two currents meeting would form an eqailibiiuov 
and the compass would be free to indicate. With this visw BT^ 
the question the commander would be able to assist himself il 
passing irom a nortliern to a southern latitude. It will I 
evident tliat the principle resolves itself into two contendiij 
forces ; the commander having the power of 
he may use it for counterpoising the other — the magnetism 4 
the ship. By following this principle he has the power to q 
proicimate his compass as neej to the point of correction as nu 
be possible. This principle cannot be applied where a combiiu 
tion of magnets is used.'' 

63. The followiug article upon a subject which possesses gia 
scientific and practical interest — namely, Malleable Cast IroUff 
's from the pages of the " Engineer." 

"Among a large majority of those engaged in the arts, n 
has always been a metallurgical mystery. The S 
Dtion is getketWtis & ««ici«A. ^» LWi few Sota ' 
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;, and the very ignorance of ita true character has pre- 
ite use to anything like the extent it deserves, M. 
il not long since communicated to the French Society of Civil 
ineera a very coiapleta accounb of the history, mode of pro- 
ion, and properties of malleable cast-irnn, which deservea to 
) widely known. It appears that B^umur, as early as 
I, read as many as six memoires before the Academy \ipoa 
I * art of softening cast-iron,' and to quote literally, ' de faire des 
s de fer fondu aasai fitiia qae ceux de fer forgS." Accord- 
I to H&iumar this art was a secret which, even before thn 
^teenth century, had been lost ami reoovereil several times. 
lead, the art was then practised in Paris, but as a secret which 
a Reaumur was permitted to penetrate. Ue made experl- 
fata for himself, however, and, to an extent, accomplished what 
K desired by enclosing ordinary iron eastings in crucibles filled 
a mixture of chalk and coal, or bone lime and coal, the eru- 
6 being then exposed to a high and continued heat. 
*In 1804 Samuel Lucas, of Sheffield, patented a mode of pro- 
tag malleable cast-iron, and his specification clearly indicated 
pdeory of conversion. It was that, simply, of partial decar- 
"»tion by exposing the castings to a high heat, when sur- 
tded, in close vessels, with powdered iron ore, or other 
c oxides capable of abstracting a portion of the carbon in 
Ifiron. For the moat complete results the weight of oxide was 
e from one-half to two-thirds that of the castings treated, and 
|g heat was to be kept up for five or six days. Lucas' specifi- 
n contains, indeed, nearly all that is esseutial to the produc- 
h of good malleable castings, aiid hia process is substantially 
it which has been followed for the purpose ever since the time 
" "s deBCtiption, 

^Taking M. Brull'a account of the converting process as now 
i, the castings should he of charcoal iron from Ulverstone 
i locality which M. Briill, by the way, fixes ' en Eeosae." The 
' i preferred for the lai'ger class of castings and the 
f for the smaller pieces. The iron, M. Erdll states, is to he 
I in crucibles, heated over a ateel converter's fire, the weight 
h crucible being about 66 Ih. The fusion is to be continued 
B an hour to an hour and a half. The aiticles to he caat k» 
i either in green or dry sand as may V>e ^Tei.«neA,wA«» 
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^^m to be poured in the ordiaary manner. The castings are veij 
^^M brittle, and unless well proportioned and very carefully handled 
^^M they are apt to crack. They are then ready for treatment u 
^^^ converting furnace. This is rectangular in form, and opens onl; 
^^H nt a small door for charging and discharging. The furnace, ui 
^^M mora properly apeating, oven, has narrow firegrates beneath ei- 
^^m tending along its whole length. The castings to be treated an 
^^m pocked, in iron cylinders, in alternate layers of red hematite oi 
^H finely powdered. These cylinders are placed in the oven, whioh 
^^H is closely sealed, so as to completely exclude the air, and Qtsu 
^^B gmdtially heated until the contents are bi^jught to a bright f«L 
^^H The time occupied in raising the he&t is about twenty-four hosc% 
^^M and this heat is to be continued three, four, or five days aftw 
^^P wards, according to the size of the castings under treatmeut. ii 
^^ the end of this period the heat is to be gradually let down, anolhtf 
twenty-four hours being properly allotted to this, 
operation id one of great delicacy, If any air penetrates to ttia 
interior of the oven, or if the heat is raised too high, or if 

I oxide (hematite ore) employed is not properly mixed with a, <f 
tity which has already served before, the casflngs aro oerfc^n. U 
be burnt. If the heat is too low, or unequal, the annealing uJ 
insufficient, and the castings are liable to break. Care, fax^ tf 
rather a considerable degrse of experience, is requisite to prevent 
the fusion of lumps of the ore upon the surfaces of the a 
An American mode of rendering iron castings malleable conuj 
in heating them in layers of oxide of zinc, which never foB 
lumps upon their surfaces. Care, too, is required in packing 6 
castings in the powdered ore. If the thickness is not nearly h 
the castings are considerably warped It is no wonder, with it 
many contingencies, that the price of malleable iron castings it 
Paris is Irom 7id. to lOd. ihs lb. 
" M. Briill states that the density of malleable castings is h 
li greater than that of ordinary cast-iron. Three samples of the ft 

mer,selected at random, had a specific gravity of 7"10, 7-25, m 
7'36 respectively. The colour, both external and that of the In 
e tared specimens, approaches that of steeL The ' nialleabteiail 
oetal takes readily a very fina polish, which is not very easily A 
'n>yed upon exposure to moisture. Its resistance under cnttiB 
Vor iphen exposed to Iriiitioa,iawi\i,'tva-^w4t,gceat, ~ 
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is very porous, as is proved by the gradual diifusion of oil over a 
oonsiderable surface where only a portion was placed in a reser- 
voir of that liquid. The TJlverstoae white iron U very sonorous, 
and good clock bells are cast from it. The treatment of moUe- 
able caatinga diwiniahea this property of communicating Bound, 
but of two objects of the same form, that in malleable cast-iron 
CEMi be distinguished from that in wronght-iron by the superior 
nota given off on striking it. On "breaking a malleable casting 
tho converting process appears to have penetrated only to the 
depth of &om ^th to ^th inch, and instead of a gradual transi- 
tion from one condition to another, there is a well-defined line of 
ilemarcation. Yet the core, originally brittle, is found to have 
Iwcome soft and easily workable. Worked under cutting tools 
Hia outside of a malleable casting gives long and elastic shavings, 
vhile, as the tool enters beneath the surface, the chips, towards 
the centre of the casting, become more and more brittl& Under 
twisting and other strMns the interior cracks, while the exterior 
presents its customary appearance of toughness. Malleable cast- 

,' iron is easily stamped, diawn, and hammered without heating, 
It can also be worked well under the hammer at a low heat, and 
at this stage hammering appears to impi-ove the grain. At a 

' higher heat it breaks into fragments. Very small sections may 
be, now and then, welded, but on the whole, malleable cast-iron 
is not weldable. It is, however, readily brazed with copper. It 
melts only under a very high heat, and, indeed, it stands ftre su 
*eU that it is employed for foundry ladles, crucibles for the pre- 
cious metals, and for the tubes of some descriptions of boilei's. 
S&Ueable cast-iron may be case-hardened more readily and to a 
f^«ater depth tlian wrought-iron. The castings aie not blistered, 
scaiod, or warped in the process, aad the case-hardening may be 
effected either with bones, hoops, or leather in the ordinary man- 
ner, or witii prusaiate of potash. 

■' MM. Morin and Treaca have made an extensive series of ex- 
periments upon the resistance to rupture, limit of elasticity, &a, 
of malleable cast-iron, all of which are recorded in the ' Annates 
du Conservatoire des Arts et Metiers." The strength per unit of 
saetioE was found to diminish greatly as the dimensions of the 
^eees submitted to experiment were inereaaed. The direct re- 
to rupture was found, in some of the Bs.5eiims»lw, W \i* 
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about 50,000 lb. per square inch, or exactly 35 kUogmnjjnes pel 
square miilemfitre. As to the general results of these 
ments, M. BrUll observes that the; indicate a general leEistai 
a, co-efficient of elasticity, and a limit of elasticity as great 
malleable cast-iron as in good wrought-iron. This was, indt 
to have been expected from the ordinary practical acquaint 
which we have of the firsUnamed material M Brull touch 
upon the prices at which malleahle cast-iron is produced 
various countries. In Switzerland, for example, it costs n] 
of a shilling a pound, while at Liege the cost of castings . 
material ia not much greater than that of English cast-iron, 
whole question of the employment of malleable cast-iron 
really upon that of its cost. If it can be cheaply produced, 
\ra have no doubt that, with simjde improvements, it may be, tt 
may be readily substituted in place of many applications rf' 
wrought-iron, A Glasgow firm has already done 
this direction, but tbe subject should be more generally pormed 
by others." 

64. The use of cast-iron, while being lessened in some depart- 
ments of engineering, as in that of bridges and tbe lik<^ 
being increased in others, aa in that of boilers ; it ia therefore 
import;ance that we should know the best modes of using it T 
following paper, on " Tlie Strengthening of Cast-iron," by 
Colhoru, in the pages of the Engineer, conveys much that is vili 
able on the subject Space only permits us to give 
here and there from it The reader will find it in exteneo in ^ 
307, under date Nov. 18, 1864, of the Engiwer: 

" Once melted, there are several modes by which the strenfift 
iif cast-iron may be increased, assuming IJiat it is not alreitif 

" It would appear that, to a certain extent, it may be atreng 
ened by repeatedly re-melting it, say twelve or fourteen times, 

" It may be strengthened by re-melting it two or three tinea, 

and maintaining it in fusion fur a considerable period, say one « 

I two hours, at each melting. 

t may be strengthened by mixing wrought-iron Bcrap 
letal, in the manner patented by Mr. Stirling, 
t has been found that ca-st-iron may be strengthened al 
^iif with otha Ba\»Un.<wft, aa 'Kv'i.h. copper and zinc. 
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" It will be the subject of inquiry, presently, to ascertain if 
it ma,y not also be strengthened by another Mode, much cheaper, 
if not better, than any of these. 

" A3 for repeated re-melting, say to the tliirteenth time, this 
is commercially out of the question, although the results obtained 
by Mr. Fairbairn, and mportcl in 1853 to the British Association, 
are interesting. 

" Tbe next mode of strengthening cast-ii'on, that of two or threi- 
le-melticgs with a protracted period of fusion, is practised in tlif 
Cftetiog of American ordnance, whether in the solid, or upon a 
Eooliug core (according to the plan patented by the late Genera! 
itodman, aa long ago as August 14th, 1847, although it has 
not been long adopted by the American Government, 

" A third mode of increasing the strength and hardness of cast- 
iton, is that patented in October, 1848, by Mr. J. D. Morries 
Stilling. It consists in adding to cast-iron in the cupola from 
IS per cent, to 40 per cent, of ita own weight of wrought iron 
swap. . . . 

"As in the coses of other modes of strengthening cast-iron, 
however, Stirling's adds something to the cost, and on reterring 
> tOtlUG, little 01 nothing appears to have been gained by it. The 
lite Mr. Stephenson, in his evidence before the Iron Comniission, 
axpressed himself upon this point as follows : — ' If it adds so 
much to the strength of ordinary cast-iron, it merely amounts to 
adding so much more to the bulk or dimensions of a beam of cast- 
iroo, unless it gives it more fleicibility, and unless it makes the 
I rast-iron, in fact, approach the quality of the wrought iron. The 
I'inventioa of Mr. Morriea Stirling becomes purely a commercial 
qneetion, because, if I cin introduce into a girder one ton more of 
common iron cheaper than he could introduce the admixture of 
malleable iron, then of course the one ton additional to the girder 
would beat him out of tbe market.' 

"Of the strengthening of cast-iron by alloying it with copper 
and zinc, it may be said, that practically a new material is thus 
made, at a veiy considerable expense, and whicli, although it 
paswsses advantages for certain purposes, cannot be considered in 
oonnection with the more important applications of cast-iron. Dr. 
'Pwrcy, in his work on ' Iron and Steel,' has given very fuU 
Accounts of the several alloys, under tkia head, kau'^w aa"SA.'«* 
tnetaJ, Aich metal, and Sterto metal. 
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" It now becoiues a question whether the wltole advantage li^t 
the American mode of treatment, and the whole advantage (willM 
out the disadvantage, if any, in greatly increased hardneBs) of Slilffl 
ling's mixture, may not be secured with acarci^ly any addition^fl 
expanse hajond the ordinary melting in the cupola. WheterajB 
an evi'n quality of iron is required — anil it would be difficalfl 
to say where an uaevim quality is ever required in castings — th^B 
metal should be run, not directly into the founders ladles, balH 
into a receiver of considerable capacity in front of the cupot^f 
and wherein the iron should be stirred to some extent. WheaB 
chilled castings ore mode, as in Messrs. Howard's well-knoww 
works at Bedford, and in the American railway wheel fbunijntfH 
this receiver cannot be dispansed with. In this receiver, (lunH 
the melted iron may be operated upon to increase its strsogtllH 
The only element which can he brought to bear for this purpMM 
is oxygen, and the readiest and cheapest mode of adminiatorilig 1 
it is evidently that employed by Mr. Bessemer. In the bint I 
furnace, a strong blast of air blown into or upon the melted inn, I 
is known to make it ■ white.' Overman, writing in 1 848, sayi; I 
— ' At many European furnaces where forge metai is manu&GtiutdJ I 
the desired effect — that is, the production of white, strung mctlli 1 
with the least expenditure of coal — is obtained by some K<mft<a 
method of twisting and dipping a tuyere. This manteuvre, attte I 
wilb's oven and the blue oven is apphed to the ores nf the plilB*- 1 
tivo and t^dnsitiau formation as spathic and magnetic iron oniH 
This ' dipping a tuyere,' although not resorted to for the din^fl 
conversion of the cast into wrought iron or steel, inrolTes 41^1 
very principle of the Bessemer process, and it is evidei^ 'NH 
with a pillar of blast of 3 j lb., the oxygen could be forced dcn^f 
into, and thus through, a pool of iron nearly 9 inches in dspfl^l 
But the production of white iron, by a continued blast thzo^j^l 
a dipped tuyere, may be readily referred to the great proportiiHri^H 
quantity of oxygen administetvd to a given weight of iron. I^M 
perhaps a ton of ii'on, in a receiver in front of the cupola ^^^l 
introduction of a regulated quantity of air under preaaure V0^H 
remove a larger or smaller proportion of the silicon and siil[>bl^| 
with only a slight diminution of — not to say an iiicreiiM u**^| 
the contained carbon. Instead of the blowing apparatus ti^M 
IlllMBd':]^ iii, Beaeemei, «. %iiull eir-pnmp, worked faf iliu^H 
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gine, would be oonatantly forcing air into an aocainulakir (on 
ihe principle of that employed in Sir William Armstrong's 
hydraulic niuchlneTy), and loaded to the presaure required to force 
the air through the iron in the receiver. When the accumulator 
was filled, the air-pump would be thrown out of work by self- 
BCtmg gear, as in water-pressure machinery; or, as the power 
expended in pumping air would not be great, the surplus might 
even, be allowed to escape through a regulating valve. Xbe oc- 
oamulator would leak air to some extent, however tight it might 
ba made by ordinary means ; but if the leakage was only slight, 
» ■would be the waste, while the preesure — of chief import- 
inca — would be uniformly maintained by the descent of the 
loaded ram of the accumulatot to an extent exactly correspond- 
ing to the loss by leakage. If this loss were indeed conaider- 
ible, from a plate iron reservoir, it would be elfeotnally prevented 
by making the vessel double, with, a surrounding water space, 
' always filled with water. 

I " The writer has not learned from Mr. TSessemer that he bus 
' kt any time contemplated the strengthetung of foundry iron by 
tkia partial application of his prooe^ but it is quite possible 
I that this mode of strengthening is protected by Mr. Bessemet'g 
jpatenta of December 7tb, 1855, and March 15th, 1856. In 
the first, he proposes to partly purify pig iron, preparatory to 
&A paddling process, by dipping a blast pipe into the melted iron, 
iia a receiver in front of the blast furnace, and thus allowing 
^ttta air — heated, by preference — to bubble up through the iron, 
Lwmoving, not so much {as eupposed ia the specification of the 
raatent) the carbon, but the silicon, and, possibly, the sulphur. 
VEba iron is then to be cast into ingots to be broken up and melted 
i&p puddling in the ordinary manner. In hia patent of March 
IlSth, 1856, Mr. Bessemer proposes to apply the same treatment 
udinotly within the hearths of blast and cupola furnaces. But 
ni is evident that it could be better managed in one of his ' con- 
iverters,' mounted on trunnions, and. taking the blast in at the 
uottom, the vessel being afterwards tilted and emptied. 

"Although the proposition, to apply atmospheric air, in jets, 
I tiinragh melted cast-iron, ffjr the purpose of strengthening it iis 
laundry ii'on, may be a novel one, the writer ia confident that 
lit requites but to be carried into practice to aewwa \to^Ama 
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advantages at an insigniiicaiit cost. The proposed treatmeol it-M 
eatiielj analogous ia principle, although iiicoinpatably euperiml 
in point of cheapness, celerity, and practical onvenience, to that I 
by which the strength of gun iron is known to be so greatly in-fl 
creased." 

65. It is difBcult to over-estimate the value of the sendoi:! 
which ■William Fairbairn (there is noble simplicity in the plain J 
nam£ without any "handle," which is quite in keeping with tliat<l 
of the mind of this eminent engineer) has rendered to the toigi- 
neers of modern times, in investigating the nature and propertiei 
0^ and in introducing into practice, new modes of applying iron in 
construction. Tliis great authority has recently added another to 
the many services he has done for practical science in the abk 
report, issued under the authority of the Doard of Trade, iffl 
" the strength of iron structures^' which we have much pleuuiG J 
in giving here i'r extenso. 

"My Lords, — In the year 1859 a small sum of money t 
granted by the Treasury for the purpose of osceptaining, by d 
experiment, the eifects of continued changes of load upon ii 
structures, and to what extent they could be loaded without di 
ger to their ultimate security. Having completed the experiim 
I have now the honour to submit the results. 

" The experiments instituted for the purpose of ascertaining tU 
value of wrong!: t-iron riveted plates in the form of tubes, thi 
which a railway train should pass, was a conception which ledd 
a new era in the history of bridges, aad ultimately effected tl 
passage of the estuary of the Conway and theMenai Straits. T 
experiments gave not only the form and strength required for tl 
construction of those colossal structures, but they developed k 
entirely new system of constructive art, and established the p ' 
ciple on which wrought-iron bridges should be made. Since tl 
some thousands of bridges, many of them of great span, have h 
made, composed entirely of wrought-iron, and are now ii 
ence, supporting railways and common roads to an extent hithe 
unknown in structures, which could not h^ve been aeoomplis 
by any other description of material than that of malleable inn 

" The construction of the Britannia and Conway bridgea in (1) 
tubular form, led to others, such as the tubular girder, the p' 
lattice girder, and other forms, all founded on the f ' 
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d in the en n struct! on of the large tuhea as they now span 

ifnvay and Uitnai Straits. In the tabular briilges it was 

lesigaed that their ultimate strength shouM be six times the 

i rolling load that could ever bo laid upon them, after 

King half the weight of the tube. This was conaidered a 

gin of strength, but subsequent considerations, auch as 

illy attend a new principle of construction with an untried 

( induced an increase of strength, and instead of the ultimate 

B of resistance being six times, it was increased, in some 

B-to eight times the weight of the greatest load. 

I^e stability and great success of these bridges gave incrc^t^eil 

fence to the engineer and the public, and for several years 

^stance of six times the heaviest load was considered an 

f sufGcient margin of strength. 

g to the success of these undertakings, there waa a gene- 
land for wrought-iion bridges in every direction, anrl 
'e without any regard to first principles or to 
V of proportion which should be observed in the sectional 
F the top and bottom flanges, so clearly and satisfactorily 
L in the early experiments. The result of this was a num- 
■ viesik bridges, and many of them so disproportioned in the 
pution of the material as to be almost at the point of rup- 
jSith Uttle more than double the permanent load. These 
mcies, and the erroneous system of contractors tendering 
ight, led not only to defects in the principle of construction, 
pe introduction of bad iron, and in many cases equally bad 
lansbip. !Now there is no construction which requires 
re minute attention to sound principles than 
jhtiron girders, whether employed for bridges of large or 
1 span, or for buildings. The lives of the public, in this 
leapect, entirely depend upon the knowledge and skill of the 
engineer, and the selection of the material which he employs. 

" The defects and break-downs which followed the first auecess- 
fnl application of wrought-iron to bridge building, led to doubts 
and fears on the part of engineers, and many of them contended 
for eight, and even ten, times the heaviest loud as the safe mai^n 
of strength. Others, and amongst them the late Mr, Brunei, 
fixed a lower standard, and I believa that gentleman was prepared 

e to work up to one-third or two-fifth* o{ tba iiUwma.^ ^ 
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etrtngth of the weiglit that woulil break tlia bridge. Ultiiaatel)' 
it vttLs decided by your lordaliips, bubirom what data I am anable; 
to determine, that no wrought-iron bridge should, with tbe 
heaviest toad, exceed s strain of five tons per square inch. Sow, 
on what principle this Btaudard was estahlldhed does not app«a^ 
and, on application to the Board of Trade, the answer is, th»t 
' the Lords Commisaioners of Trade require that all future bridgea 
foi' railway traffic shall not exceed a straiu of ' 
inch.' 

" The requirement of five tons per square inch did not sppeu 
sufficiently deEnite to secure, in. all aasBS, the best form of odd- 
straction. It is well known that the powers of the resiBtanoo to 
strain ai'e widely difierent with wrought-iron, according 
forces of tension or compression are applied ; it ia even posaiUa. 
ao to disproportion the top and bottom flanges of a wronght-inat 
girder, calculated to support six times the rolling load, as to cauav 
it to yield with little more than half the ultimate sttaln, or 
tons on the square inch. For example, in wrougUt-iron gin 
with solid tops, it requires the sectional area in the top to In 
neatly double that of the bottom, to equalize the two fonas of 
tension and compression ; and unless these proportiona aieStlktlf 
adhered to in the construction, the five ton strain per aqtuni 
ia a fallacy which may lead to dangerous errors. Agui^it 
ascertained &om direct cxpenment that double the quanftl^ of 
material in the top of a wrought-iron girder was not tlU 
effective form for resisting compression. On the contrarjr, itwu 
found that little more than half the sectional area of (hs topy- 
when converted into rectangular cells, was equivalent in Ha p 
of resistance to double the area when formed of a solid , 
This discovery was of great ^alue in the constructdon xd tttbM 
and girders of wide span, as the weight of the atructuta ItSdf — 
which inci-easea as the cubes, and the strength only aa ths fgiUiH 
— forma an important j>ai-t of the load to which it ia ml^fttted 
On this question it is evident tliat the requirements o£' a absis 
not exceeding five tons per square inch cannot be appli^ in )nth 
cases, and is therefore ambiguous as regards its iqtpIiaKlbin to 
different forms of structure. In the five ton per square iudhrtnuB 
nothing said about the dead weight of the hridg9i 
not informed -w^vette^ the breaking weigltf 



^^ cases, ana 
^^L different fc 
^^^L there is nc 



r 
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many tiniea the applied weight, plus the jiiiUtiple of the Inad, or 
whether it included or deducted the weight of the bridge itseli 

"The«e data are wanting in the railway instructions, and vintil 
some £xed principle of construction ia determined upon, accom- 
panied by a standard measure of strength, it is in vain to look for 
any satisfiictory result in the construction of road and railway 
bridges composed entirely of wrought iron, 

" I have been led to inquire into this subject with more than 
ofjinory care, not only on account of the iiuperfiict state of our 
knowledge, but from the want of definite instructions. I have 
in the following experimental researches endeavoured to arrive 
at the extent to which a bridge or girder of wrought-ii-on may be 
strained without injury to its ultimate powers of resistance. And, 
_ moreover, I have endeavoured to ascertain the exact amount of 
which a bridge may be subjected without endangi-ring its 
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safety ; or, in other words, to determine tlie fractional stiwn ot 
its estimated powers of resiEtance. 

" To arrive at correct reaulta, and to imitate as nearly as po 
the strain to which briJges are suhjucted by the passage of heavy 
trains, the apparatus specially adapted for tbat purpose was (!» 
sigued to lower the load quickly a\K)a the beam id the fini 
instance, aQd subsequently to produce a coDsiderable amouut o 
vibration, as the large lever with its load and shackle was lut 
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The Apparatus waa sufEciently 
n reference to the at- 



il upon it in the second. 
eUstic for that purpose, a 
tache>l drawings. 

" The beam A, Fig, 20, is composed of an iron plate, riveted with 
angle irons, 22 ft. long, j- in. thick, and 16 in. deep. It ia sup- 
ported on two brick piers 20 ft, apart (one only, a, is shown in the 
lii^^ni). Beneath the bottom flaiiga is fixed the lever B, which, by 
a of the link and ohockle C, grasps the lower web of the beam 
! to the fulcrum D. This fulcrum, on which the lever oscil- 
I, is formed of a vertical bar E, which acts as a standard, and has 
f itntB to regulate the iieight trora the cast-iron plate F to the 
The machinery for lifting the lover and scale at H con- 
Uie shaft atid pulley I, driven by a water- wheel, and from this 
« apparatus for lifting the load is worked by a strap from 
' y on the pinion shaft K, which drives the shaft and spur 
\ giving motion to the connecting rod M. This rod has 
{ slot at its lower end, in which the pin at the end of 
ur works. From this deacitption it will be seen that, in 
B apur wheel L, the weight is not raised until the bottom 
||)t coniftj in contact with the pin of the lever, when the 
i^taken entirely off the beam. That being accomplished, 
mscting rod descends, when the load is again laid on the 
"bcmn attil left saspended, with a vibratory motion, for some seconds, 
until till.' remainder of the stroke is completed, when the connect- 
ing T<^<\ again rises for the succeeding lift. In this way the weights 
are lii'Lcil off and replaced alternately upon the beam at the rate 
tyS sev'tTi In eight strokes per minute. The apparatus is worked 
night and day by a water-wheel, and the number of changes are 
iwgist<?ved by the counter attached to the vertical post at G. 
*'Tli'? girder subjected to vibration in these experiments is a 
>ng!it-iron plate heam of 20 ft. clear span, and of the following 



dim 



In. X 1 in. 
3, •£' X 2" . 

4 in. XI" 



Well—] pUt^, 15i" X i" 

Total aecMoatl area 
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^M Depth . ICin. 


^H Wmfflit . 7 awt. 3 qrs. 




^V "The beam having been loaded with 6,643 IK, eqiiivttliint to 




^^ oae-fourth of tlie ultimate breaking weight, the exporimeiit com- 




menced as follows : — 




EiPEBiMENT I. — Experiment on a vrrought-iron beam witi a 




K 


changing load equivalent to one-fourth of the breaking teetghl, 




1 


Date. 


Number of 
ihanges of load. 


duced by load. 


IlHmariB. 




1800. 












Uarah 21 





0'17 






■ 


„ S3 


lfi,61l) 


0-18 


Strap found loose on ttc 




1 


„ 2fl 
„ 2S 


48,100 
72,440 


0-17 


24th, and fiuliiig to 
lift the load. 






„ 31 


112,810 


0-17 








April 2 


144,350 


0-18 








.. 7 


Ii02,8e0 


0-17 


, 






„ 13 


268,328 


0'17 


1 




i 


„ IT 


321,015 


0-19 1 


Stmp found brak«n»l 
the 20th. 1 






.. 27 


408,261 


0'16 


1 






„ 9 


449,280 
489,768 
E88,86fi 


0-18 
0-18 
0'18 








.. u 


B96,790 


O'lfl 1 n 






"The beam having undereone about half a million chaums ot 




load, by working continuously foe two months, night and day, sd 




the rate of about eight changes per minute, without producinj 




any visible alteration, the load was increased fi-om one-fourtli tA 




two-aeventbs of the statical breaking weight, and the esperimeid 




proceeded with till the number of changes of load reached a million 




^^^^^^^^^^^^^ 
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cPERiasKT IL — Exjjeriment on the 
'olent to two^aeeentlts of ilie breakin 



n icilk a load equi- 
r nearly 3J tons. 






It the 



load are otnmted from 
0, although the beam 
had already nnder- 
gone 59B,790chluige8, 
aa shown in the pre- 
ceding table. 



M3,210 

" Xhe beam had now sustained one miUion changes of load 
thotit any apparent change, when it was considered necessary 
increase the load to 10,488 lb., or twd-fiftha of the breaking 
light, when the machinery was again put in motion. With 
IB additional weight the deflections were increased, with a 
nnanent set of '05 in., from '23 in. to 'Z5 in., and after ans- 
Ining d,175 changes it broke by tension a short distance from 
e middle of the beam It ia satisfactory here to observe that 
iring the whole uf the 1,005,175 changes, none of the rivets 
)ro loosened or broke. 



ExpEKiHBNT HI. — -Beam repaired. 

" The beam broken in the preeeiling experiment was T^>aired 
' replacing the broken angle irons on each sidis, and putting a 
itch over the broken plate equal in area to the plate itself, 
(ma repaired, a weight of three tons was placed on the beam, 
[uivalent to one-fourth of the brealiiiig weight, when the ex- 
iriments were again continued as before, ~ 
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Date, 18S0, 


Number t,f 

uhangeaof 

kaJ. 


Deflection 
in iuchea. 


PflnuB- 
nent sot 
iuiudua. 


Remarks. 


1830. 




















The load during th. 












leQttolO,600rb„ 




Augusts 


163 
12,950 




t 

s 


4-6875 tons at t 

cBDtre. wia a 

weight the b«uuta 
a largB but uuW 

During ibefic ch&Dfl 
the load on the Ixa 




" 




- 


was a, 026 lb., or SI 




„ 13 


•2,i,900 


0-22 


I 


Load reduced to si 
thebreakingiragt 




„ 13 


2fi.900 


0-13 

















„ 2* 


101,760 


018 









Sejit. 1 


H0,600 


018 


0-01 






., IS 




0-18 


O'Ol 






0.:t. 6 


375,000 


0-13 


O'Ol 






Nov. 3 


577,800 


oia 


01 






D=c. 1 


768,100 


0-18 


0-01 


^^^H 




1861. 








^1 




Jaa. i 


1,121,100 


O'la 


0-01 






Feb. 2 


1,342,800 


O'lS 




01 






March 2 


1,602,000 


0-13 




01 






^f : 


1,885,000 


0-17 




01 






2,110.000 


0'17 




01 






Sept. i 


2,737,764 


0'17 




01 






Oct. 18 


3,150,000 


017 


'■" 


I 




" At this point the beam having sustained upwards of 3,00(U 


ebangea of load without any increase of the permanent set, i 


assumed that it might have continued to hear alternate du 


to any extent with tlie same tenacity of purpose, as eihi 


in tlie foregoing tahle. It was then concluded to incpeaw 


load from one-fourth to one-third of the breaking wei^ 


liaving laid on fnur tons, which increased tiia deflection to 


this experiment was proceeded with in the same order m in) 


-^Bviouaonea 1 
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Date, 1881, 


of load. 


Deflection 
in inches. 


Peranment 


RemarkB. 


I 


1861. 

October 18 

10 

NovemliBr 18 

December 18 

1862. 
Jtuiiuu7 




i.OOO 

128,000 

237,000 

313,000 


20 


■ - 1 


Broke by ten- 
sion acrom the 
bottom web. 


"From these experiments it is evident that wrought-iron girders 
of ordinary construction are not safe when Buhniitted to violent 
diaturbances equivalent to one-third the weight that would break 
them. They, however, eshihit wonderful tenacity when sub- 
jected to the same treatment with one-fourth the load; and as- 
suming, thetefora, that an iron girder bridge will bear, with thia 
load, 12,000,000 changes without injury, it ia clear that it would 
require 328 years, at the rate of 100 changes per day, before its 
security was affected. It would, however, be dangerous to risk a 
load of one-third the breaking weight, upon bridges of thia descrip- 
tion, as, according to the last exppjimeat, the beam broke with 
313,000 changes, or a period of eight years at the aame rate as 
tefore would be snflieient to break it It is more than probable 
that the beam might have been injured by the previous three mil- 
lion changes to which it had been subjected; and, assuming thia 
to be true, as time is an element in the calculation, it would then 
follow that the beam was progressing to destruction, and must of ne- 
Ceseity, at some time, however remote, have terminated in fracture. 

"The experiments, so far as they go, throw considerable light on 
Hlis very inti'icate and very important subject. They are proba- 
Uy carried sufficiently far to enable us to state with certainty 
vrliat is the safe measure of strength ; and as much depends upon 
(he quality of the material and the skill with which the girders 
Etto put together, it beconjes necessary for the public safety that a 
tbeasure of strength should be established without encumtiOTia^ 
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be borne in cund tbat every ailditional ton that is not reqnired 
beyond the limits of safety is an eri! that operates ae a conttaxi 
quantity tending to produce rupture; and hence follows the ni 
cessity of a careful distribution of the material, in order that tht 
tube or girder shall be duly proportioned to the strains it has to, 
bear, and that every part of the structure shall have its dua jim- 
portion of work to perform. 

" I have assumed, fo;' the sake of illustration, that every dfr 
ecriptiuu of material, as regaj^ds its cohesive properties fblloira 
the same law as that which we have experimented npon, or, ' 
other words, in the ratio of its physical powers of resistance, W 
is to say, any beam will follow the same law in regard to its at' 
timate powers of resistance when operated upon by a correspwul- 
ing load due to that power. If this be true, we have only ta fal- 
low the same rule as observed in the experiments, by loading 
cast-iron or wooden beams in the ratio of their cohesive powea 
of resistance and their breaking weights respectively. This h 
not been proved experijuentally, but I hope at some future tiuf 
to have an opportunity of extending the experiments, in order ta 
determine to what extent these views are correct. 

"Assuming the top of the girder to be sufficietitly rigid topnt- 
vent buckling by compression, the formula for the strength of tiit 
bottom section, derived fcom my own experiments on the mM 
tube at Millwali, is — 

e ^ the constant 80 derived from experiment. 
Applying this formula to the beam experimented upon, we 1 
a, the area of tie bottom = 2 -4 iiL 

d, the depth of the beam =^16 in. 

e, the constant deduced fimn the model tube ^ 80 in. 
I, the spao or diatanCB betweeii the supporta =; 240 ill. 

H..e.W= ''"'^'/;'° =13 8t..,, 
the ultimate strejigtb of the teum. 

"In order to obtain the strain per square inch from these bi- 
I periments, formula S ^— ■- may be useful 

\ vhere 6 represents the strain per square inch upon the sec 
;! l^ the gi»at«rt.\MiA, 'u),\wi-vi5iMs.\fc>» middle of the 
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is necasaary to observe, tliafc in a girder propeily proportione J, 

Btttest straiu per Bquare inch will take place upon the bottom 

so that if the strain upon the bottom section of such a 

e within your lordships' conditions of safety, the strain 

e top seetiun will necessarily bo within this limit also. 

In a girder, having tlje oeUuJar structure at ite top section, the 

urea should be very nearly IJ tiinea that of the bottom section, 

(a the areas of their sections should be respectively 5:4; and 

the strain per square inch upon these parts will be respectively 

invetsely as their areas — that is, the strain per square inch upon 

the top section will be four-fiflhs of the strain per square inch 

upon the bottom section. In one af the foregoing experiments, 

without cells, we have, where I, the length of the girder ^ 240 in. 

to, the weight !aid on the miildle=2*9fl tons. 

a, the area of ijie bottom aecti(in^2-4 in. 

d, the depth of the gWer^lB in. ; tben 

240x2-98 



S=v 



= ■1-63 tons. 



x2'4xl0 

which is the strain per square inch on the bottom section of the 
girder. 

" Applying these fotmulie to the whole series of experiments, we 
obtain ^e following suramaiy of results : — 

Summary of Resultb. — First Senea of Expen'meiih. — Beam 
20/f. hetiffei^n the gapporle. 



Weight on 
I middle o[ 
I tliB ^leam 



iV 



From Mfltcb) 




21 to ma.Yf 
H, 1860 ) 


2-96 




ProniMujIJ) 






1860 1 




From July 1 




astoJnly^ 









Hnilte Tiy ten- 
distancefram 
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"Hera it wiU be observed tliat the number of l,O0S,175 changes^ 
was attained before &acture, with varying strains upon the bottoni 
flange of 4'62, 5"46, and 7'31 tons per square iachi and in the 

Second Series of Expebiments — Beam repaired — the 
follomrtg results were obtained: — 



':!■ 






Aug. 11, and I 
12 I 

From Ang. 1 
13.18ao,to( 
Oct 16, i 

1861 ; 

Prom OoL ) 
18,1881, to ^ 
Jan.9,1862) 



"The number 3,463,000 ■changes was, in thia case, at 
before fracture ensued. 

" From the above it is evident that wrougbt-iron girders, 

sabjectetl to a load equal to a tensile strain of seven to: 

square inch, are nut safe if that strain is subjected to altemit 

changes of taking ofT the load and laying it on again, provided 

uertiun amount of vibration is produced by that procosa ; u 

\ what is important to notice is, that from 300,000 to 400,0( 

I changes of this description are sufficient to ensure fractura. < 

must however, be borne in mind tliat the beam from which the 

\ conclusions are derived had sustained upwards of 3,OOO,0( 

i, with nearly five tons tensile strain on the square ilU 

d it must be admitted from the experiments thus recorded Ih 

I tons per st^UEire inch of tensile strain on the bottom 
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, SB fixed by your lordships, is an ample etaadard of 

B regards compression, we have only to compare for practical 

i the Jifferenoo between the resiatiiig powers of the ma- 

a tension and compression, and we shall require in a girder 

bt cellular top, &om one-third to three-fourths more materiiil 

it compression than that of tension ; and as wrought-iron, 

Bate of compression, is, to that of tension, as abniit 3 to i'5, 

a of the top and bottom will be nearly in that proportion, 

I other words, it will require much more material in the 

n the bottom to equalise the two forces. 
h, the experimental beam, the area of the top was consider- 
Ji excess of that of the bottom, having been constructed on 
■educed irom the experiments on tubes without cells, which 
3 nearly double the area on the top to resist crushing. In 
aatruction of larger girders, where thicker plates are used, 
(oportion no longer exists, as much greater rigidity is ob- 
a the thicker plates, which causes a closer approxima- 
al area, in the top and bottom of the girder ; and from 
luce that from ^ to f, aad in some cases ^ additional 
irea in the top has been found, according to the size of the gir- 
dar, sufficient to balance the two forces under strain. 

" The foregoing experiments were, however, instituted to deter- 
mine tlie safe iheasure of strength as respects tension, and it will 
be Been that in no case during the wliole of the experiments was 
there any appearance of the top yielding to cnmpreaaion. 

" In all these experiments it will be observed that we have 
taken the whole area of the bottom tlange, without deducting for 
, IHm tivet-holea in the angle irons and the bottom plate.* — I have 
I Qu honour to he, your lordships' laithful servant, 
I Wii. Fairbairn." 

I » "AddbnuA. — It will be observed tbnt the above summaries eihibit tJie 
': Itndlis per square ineh an the top and bottom flanges without deductinf? the 
' rivBt-liolea, flod there being four i-in. diameter in the bottom flange, two in 
MCh angle iron, and two in the plate, is erjual to ■625 in. This rednoai the 
ma Tor tenaion fram 2'* to 1 776 in. In the calculations, I havo not, how- 
•Vbt, made these deductions, in order that the ei]ierimtnt3 might compare 
Willi others where thej have not been token into aceomit. Under the con- 
dMoni of reducGil area, it will be found that the itraina per square inch upon 
tiie bottom flange, with the Tariabte load, according to the formula, will he 



i 
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No. of 
ofbaam changes. 



693,790 



[Drr.It 

Strun 
pec«qiUR 

bottom £u)gft 



^H iBt EiperimBnt, May 14, 1860. 2'9a 

^H 2d Experiment, June 26, 1860, 3 '50 

^H 3d Experiment, July 28, ISaO, 4-6S 

^^m Beau Befhred. 

^H Irt Experiment, August 6, 1S60, 468 

^^ Sd Experiment, August 12, ISSO, 3-5S 

3d Experiment, October la, 18S1, a'96 

4th Experiment, January 9, 1SS2, 4-00 

From the above it vill he seen that the aetual strain npaa the solid pWt 
waa canaidembly increased. And the beam broke in the Erst series with ■ 

■ strain of nearly ten tons upon the square inch ; and in the second, will) t 
strain of 84 tons, after sustaining 3,463,000 changes of load. From ttiilit 
may be inferred that a irrotight-iroii bridge would be perfectly BaTe for s Ion 
series of years vith a strain of six tons per square inch, or Dnc-rourtb ill . 
statical breaking weight. It is, however, evident &om these eiperinienl^ 
that time is an element which enters into the resisting powers oi mahriilj 
of every description when aabjeoled to a continued series of changes. "" 
may be very minute, but assuming thnm to be of mffinient force to pn 
molecular djstiirbanoe, it then fallows that rupture must eventually bus 
W. F." 
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66: lu view of the enorinoiaa increase of wrought-iron, as 
for a, wide variety of structures, it is impossible 
the importance of all plans to secure good riveting of the pl»t 
of which they are composed. In the " Meohanica' 
for October 1, 1864, there is a paper on "Riveted 
which abounds in much that is practically auggeative ; wo M 
only find epace for brief extracts from it, referring the leaiai 
I the article itself for the remaining portion; — 

" Not the least important branch of the subject je the relalil 

■ merit of punched and drilled boles. For years engiDeen bai 

n content to regard the punched hole as being ao for pedlw 

b any improvement upon it was practically impossible, Bi 

^however, we find that an idea has got abroad thlt A 
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operation of the puuch aeriunslj injures the iron submitted to 
it In the almost absolute dearth of experimentil reauits, it is 
not easy perhaps, to come to any eoaclusion upon the subject 
trhich can be worth much. The advocates of thn drill state that 
by its use not only is the iron in no way injured, but that a 
Iwtter fit ia secured fur the rivets, and that the work can be per- 
formed so accurately that the use of the drift is altogether done 
kway with. The advocates of the punch, on the other hand, 
itate that the work can be done by it at a price varying from 
me-third to one-fifth that of the drill, and that practically a joint 
,n every respect as sound and trustworthy can he secured by 
nopBT attention and ekilL If it can be proved that the iron 
«Blly does suffer injary and loss of strength by being punched, 
Iken it is certain that the drill has so far the best of it. In 
nder to arrive at any decision on this point, it is necessary to 
KHnprehend the nature of the injury inflicted." 
After making an inquiry into this, the writer proceeds : — 
" There are thus, we see, many operatuig causes at work tending 
n redoee the strength of the joints which have nothing to do 
¥ith the punch, and we are disposed to regarct them aa being 
loite sufficient to account for the loss of 4 per cent, of the true 
itrength of the plate, if not much more. Erunel's experiments, 
londucted some years ago, go to confirm this opinion. The re- 
petition of these experiments proved that the results varied very 
itOe whether the shear of the rivets was 9 per cent, less, or 
.0 per cent, greater, than that of the plates. The results of 
■anations in workmanship, apparently the best possible, must 
CCoimt for the difference ; and wo think that in the face of such 
Itcts it ia extremely difficult, if not impossible, to prove that a 
bterioration of 4 or 5 per cent, must invariably follow on the 
ee of the punch. 

" All this is, of course, negative evidence, but we can fortu- 
ately ro a step further and advance positive proof that the quality 
f the plate is not affected by the punch. Brunei selected five 
est Staffordshire plates, and submitted them to a breaking tensile 
^eas. The strength of the worst sample was 19 '4 tons per 
inard inch; that of the best 22 tons. Five other plates from 
le same piece were then punched and broken through the rivet 
Djieet The worst specimen broke with 20 UiiiBj a,ii4 \iiKiNv^\ 
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three rows of holes airaaged for triple riveting tlie pkte gm 
way with 204 tona It is impossible to arrive at any « 
from theae results, other than tliat the plates were as strong ind 
foriiich of area, after the punching as they were before, ihemui 
of the experiments giving fully as high a co-efiicient in the on 

e as in the other. It is true that tLese experimeets an no 
as uonclusiye as might he witihe(i, simply because ibpy were m 
sufficiently numei-ous; but they were carefully couduoted, am 
B very satisfactory as far as they go. 

" In the operation of punching, holes are invariably slighiij 
countersunk, and there is little doubt that this countersink addl 
laterialJy to the efficiency of the work when bnt two i 
plates are to be joined. The contraction of a rivet in 
exposes the head to very considerable strain — one so gi 
deed, that it must niihtato seriously against the powers of tht 
rivet. If thei'e is a good countersink at each side, the heads n 
the rivets have little to dn, and thus an element of safety is in- 
troduced. With the drill a countersink cannot be produced, e 
cept at a price wliich at once precludes its adoption, and in drilled 
holes, therefore, the rivet heads bavo to do all the work. Whe 
three or more plates have to be put together to make up a gin 
thickness, as in bridge building, however, it is probable that Ui 
countersink operates injuriously, as a long rivet cannot be mtA 
to fill the holes. The system adopted in the construetion of & 
great Charing-cross railway bridge may then be resorted to wit 
advantage. All the holes were punched S of an inch too emtlU' 
When the plates were put in place, a email travelling euginft ¥ 
bored or reamed them up to the proper size, and the rivets Ot I 
bolts were then driven home tight by a species of ' dolly ' eztemJ 
porised for the purpose." M 

67. On the subject ol Sough Forgintjs, we take the followiirfl 
from the pages of the " Scientilic American." ■ 

" Ve have often lemarkecl, in the course of our professioiUM 
experience, upon the indifference displayed in some of our lai^H 
machine-shops toward obtaining good iron forgings. In. ceitiifl 
intricate shapes, where the safety of the work would be impfiM 
illed by too much elaboration, when often heated, where eomfl 
heavy parts are in close proximity to some very light portion^l 
it i» perhaps advisable to liring the work eotosthing afacllfl 
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! and leave the rest to be removed hy madmies in- 

i for such business. InateaiJ, however, of working as cloaoly 

li.the drawing as they might, a great many blacksraitha leavs 

^ther too much iron for the turner and planer to cut off. 

X practice is to he reprehended, as, in addition tu the increased 

t of the job, the value of it as material is very much reduced. 

% blacksmith leaves from three-fourths to an inch and a quar- 

W of sound iron for the turner to remove from a shaft 6 inches 

Ifiiameter, he is guilty of a very great waste of time, labour, 

I materiai We do not allude to shafts turned up from tolled 

a ; any person who had to make a 5-inch sliaft, and should 

pSbraately select a G-inch bar of iron to turn it out oj^ would be 

IS demented by all sensihle persons. If the pni.iiue ia 

|l to be tolerated in the case of rolled iron, how sliall we re- 

the fact of forging a piece of shafting very much larger 

[I there is any occasion fur, wibh mechanical common sense ! 

P'Xrip hammers are very useful tools ia a blacksmith's shop, 

I they condense metal into itself and compact the fibres of it 

Dlly together. "What shall be said of those persons who leave 

of metal that the best of it is all turned off by 

^ naacliinist at a dead loaa to the proprietors 1 Comparatively 

m work faster than a machinist ; he can heat his 

k. ftnd drcGS off a piece of nieta! that would require four timaa 

jfelaboor on the part of the mechanician. So also with heavy 

roeis, they can draw down an inch and a quarter of iron 

ii sooner than a lathe can turn it off, and the shaft so ham- 

J win be a fe,r better oue than another roughly forged. 

if Jo locomotive- shops there are better forgings made than there 

lie engine-shops in this city. There is more die- 

^ and a greater attention given to producing smooth, sound, 

^' and good forgingf:, than in the large works above mentioned. 

IS to us that this subject ought to receive some attention, 

I easy to make a forging somewhere within rifle-oannon 

6 of the finished dimensions as it is to produce a lump of 

E with scarcely the most ramote resemblance to the final 

The scale ought to be ramoved much oftener than it 

["When iron is overheated the impurities in it work out to 

a certain portion of the exterior, a very thin skin o? 

jtbcmt. this makes a haid vitreous scale that T\m\a fbe «^^>a 



ENGINEERING FACTS. 



[Drr. 



of B tool in a, short time. Every tlacksmith knows Terj w 
how to knock it ol^ and improve not onl; the looks of tht 
own work, but lessen materiaJIy the time demanded by naim, 
qaent operatiniiH. Theae matters are worthy of attention. Th 
are those little details of machine work that are too o: 
sight of, but which exercise a very material influence over t 
protit and loss account. A minute in a factory represents » 
portion of a dollar, whatever the same may be ; it does not i 
quire any very brilliant efl'ort of logic to aee that niany n " 
make many fractions of a dollar. The waste of time in 
useless work has a pecuniary value, and it is just as fuaUsh 
cut an inch or half an inch off a shaft, when it could 
avoided, as it would be filly to throw money into the aea, 
us have no more such waste, but turn out blacksmith vrork 
some degree approximating to the mechanical advancement 
the age. We have seen shiifts forged (ay, and turned them tfl 
that required to bave two inches cat off tbe enda before l" 
were of the right length. Such carelessness, for it is nothii 
else, shows a want of conatderation for the employer's 
that should be seen to at once by those concerned," 

68. On the subject of adding hy pressure, the "P 
American " has the following: — "When a machinist drivea ad 
key mto a dry key seat it sticks fast and cannot be got out, ( 
tentimea without drilling it. In this case the surface fibre*' 
the material are interlaced, and are as firmly united as if 3 
were one. The same action takes place in drawing meli 
and an English company, working a patent for a peculiar metl 
of drawing metal tubes, have found that where one tube baa In 
forced over another, a perfect union takes place, and no ja 
can be discovered when they are cut across. Whenablaakml 
unites two pieces of iron, the heat and the percussion of histu 
mer eflects nothing more than an intimate union of the two pi 
If he had suiUcient strength, and applied it in the properV! 
he might join two pieces of iron quite as well cold as hot 

"It wiU probably be aoine time, however, before we hav» n 
chinery sufficiently powerful to unite masses of metal bo that A 

U be practically welded, and break at any part rather tfam 

* pointa of junction. Could such machinery be deviasd' 
d practical vo, itaTeau^, SS^Sa *»x^ to see that an i 
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saving would be gained ia point of time. In some kinds of work 
this cold welding, so to speak, is ali-eady done. Car wheels are 
pressed on to their axles and remain fitst without any key. Thin 
IB not due to merely pushing a large body into a bore slightly 
smaller, for if the machinist leaves the axle too large the wheel 
stretches or splits, and the job is not properly dona Tlie wheels 
stay on the axles because the two metais, although of different 
natures, one being cast and the other wrought, bave an intimate 
lelation with each other, amounting to an absolute sutfoce weld ; 
very many wheels split before they can be removed. 

" Welding by pressure and by heat in connection with pressure 
has been esparimented with abroad. Gali^nan-is Memenger 
^esks of a case, which we here append ; — 

" ' Esperiments have lately been m ade at Paris by M. Duportail, 
cmgineer, in the workshops of tbe Western Railway, to ascertain 
■whether iron might be welded by hydraulic pressure instead of 
by the sledge hammer. The latter, indeed, has not a sufficient im- 
petua to reach tbe very core of tbe metal, while continuous pres- 
Bope acts indefinitely to any depth. In the experiments alluded 
to, M. Duportail caused two iron bars, 1^ inch in diameter, and 
heated to the welding point, to be placed between the piston and 
the top of an hydraulic press. The bars were welded together 
by this means with extraordinary ease, the iron being, as it were, 
kneaded together, and bulged out at the sides under the pressure. 
The action of the press was suspended when the part welded 
was brought down to the thickness »i the bars. After cooling, 
the welded part was cut through to examine the inside, which 
was found perfectly compact. To try it, one of the halves was 
-placed under a forge hammer, weighing 1,800 kil., and it was not 
■Butil the third stroke that the welding was discovered.' " 

*' Heavy steamboat shafts are very often hollow at the centre 
from a want of power in the trip hammer, or through an imper- 
Ibnt manipulation of the 'pile' they are fagotted ivom, Masses 
of hot metal drawn between revolving rolls are, indeed, subjected 
ta presBUTB, hut the iron thus made ia not of so good quality as 
hammenid metal It is not in connection with preparing iron 
fop market that these remarks are aaade, but it would seem not 
lit all impracticable to make a neat and perfect weld by heavy 
inuous pressure for a short time, rather than, \)S 'iba RiT\\\i».vi 
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roetbod of hammering. Time would be gained both iti tli« enutli 
and finishing ahops. That it is perfectly feasible tliet* is no 
question, and for heavy connecting-rods, rudder-posts, Jteela of 
iron vessels, or similar parts, a great economy of time wonldl* 
apparent, while equal, if not better, worknianahip wcuM resi 

69. Tlie Manipulation of Mefala. — "There are many v^- 
siona," says the " Scientific American," " where a knowledge w 
some simple alloy or a peculiar solder would save hundreds, 7M1 
thousanda of doUare, just as a life may be saved by merely tjing' 
a pocket handkerchief lightly above a bleeding artery. It isonl)".' 
a few years ago that the valve-atem on the engine that runs Ibfl 
Herald preasea broke in the dead of night, when but half^ 
editiou was run o£ This was a dilemma, indeed, for a ?alve- 
stem is not made in half-an-hour, neither can it be bought ■ 
a hardware store like a pound of nails. The engine was iujura 
in a vita! part, and unless it was mended the entire edition woul 
be stopped, and incalculable loss sustained. Fortunately iot tk 
proprietors there was one of the employes present who uitda 
stood the manipulation of metals, and he informed the bystandeit 
that if they would collect their spare silver he would restate 
the broken port to a condition of usefidness. 

" It was done. 

"The stem was brazed with silver solder, and the engine pw- 
formed until morning, ea that the whole edition was successftillj 

I off. But for the presence of the adept referred to, and hii 
knowledge of this simple process, very great loss would have been 
incurred. 

" Some of our readers may he caught in just such a predioa* 

Iment, and we therefore append a formula for a solder whioh will 
braze steel It is as follows : — Silver, 19 parts ; copper, 1 part] 
brass, 2 parts; if practicable, charcoal dust should be strewed 01 
the melted metal in the crucible, 
" A good article of yellow brass is extremely desirable for 
work in telescopes and optical instruments generally, 
that works free and soft underthe tool, and is capable of 
a fair lustre from the burnisher, is always in request A gt 
yellow brass can he made from tlie following metals; — That 
nominated 'watchmaker's brass " is made of one piirt copper ai 
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the addition of a little lead makes the metal work easier, and less 
liable to tear under the tool. 

•■ In all these mixtures the zinc must Ije added last, as it is 
a volatile mutal, and fuses at a much lower heat than the copper, 
the melting point of which ia 4587°, while that of zine is only 
700*. 

" Iron and hrasa must be nnited by spelter, whiuk is equal 
parts of brass and zinc. When the joints are cleaned and wired 
together, fine powdered borax is appUed to them as a flux. The 
Bolder ia then dusted .'n in. the form of a powder, or fine filinga, 
and melted in, either with a blow-pipe or hy being placed in a 
chaixoal fire. Care must he taken not to melt the brass to be 
lirazed. The solder, of course, hfl.a a much lower fusion point 
than the metals to be joined, else they would both run at the 
some time. 

" A simple method of case-hardening small cast-iron work is 
to make a mixture of equal parts of pulTerized prussiate of potash, 
saltpetre, and sal ammoniac The articles must be heated to a 
dull red, then rolled in this powder, and afterwards plunged into 
a bath of 4 ounces of sal ammoniac and 2 ounces of the prussiate 
of potash dissolved in a gallon of water. 

"These simple rules are practical, and will give good results 
with good workmanship. K the cast-iron is overheated and 
bnmed, the unskilful workman must not blame the formula for 
his ffulure; or if he put on audi a blast as to blow the solder out 
■of the joints when brazing, and instead of making a joint spoils 
the job, he must not charge it upon us, but keep a brighter look 
out in future. Good rules are useless unless put in force and 

, practised with skill and intelligenoa" 

70. Prevention ofHuat in Iron. — " Many a valuable hint," says 
a correspondent of the "Builder" — Mr. C, H. Smith— "is to 
!» obtained from an intelligent practical labouring man, which 
may lead the philosopher into a train of ideas that may, perhaps, 

I result in discoveries or inventions of great importance. When 

'j "bricklayers leave off work for a day or two, as from Saturday 
to Monday, they push their trowel in and out of the moist mor- 
tar, so that the bright steel may he smeared all over with a film 
of it, and find this plan an effectual remedy against rust. In 

myVieu's ' Farentalia ' there h a passaga baaimg m^qu \\via %^ 
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jeet ; — ' In taking out iron cranipa and ties from atonewurfc, at 
least 400 years old, wliieh were so bedded in mortar that all ni 
was perfectly excluded, the iron appeared aa freah as fcom the 
forge.' In tho victualling department at Plymouth, some yeitra 
f^o, I ohserved a man lime-whiting the inside of some iron tMik^ 
previously to their being filled with water for the service of tbs 
crew and paaaengera during a voyage; this was to preyenttba 
iron mat affecting the water. In London I have also weentlj 
Been men, with a tub of lime-whiting and a mop, smearing th( 
inside of large water-pipes, a3 security against rnsi Oxygeii, 
which is the main cause of rust, is abundant in the composition 
of both water and the atmosphere; and that quicklime has an. 
astonishing affinity for it, is evinced in the homely practice at 
preserving polished steel or iron goods, such aa fire-irons, fendani 
and the fronts of ' bright stoves,' when not in use, a little powde 
lime beaten upon them out of a muslin b(^ being found suffioiei^ 
to prevent their rusting. Another instMce, very different ai ' 
far more delicate, bearing upon the same principles — the mao 
facturera of needlea, watch-springs, cutlery, &c,, generally inti*- 
duce a small packet of quicklime in the same box or paroel •m& 
polished steol goods, aa security from rust, before sending it % 
a distant customer, or stowing it away for future use. These tntt 
are extremely curious, because, as a general rule, bright steel 9 
iron has a most powerful affinity for oxygon, consequently it ti 
very readily acted upon by damp, and is rusted in a abort tim 
either by decomposing the water and obtaining oxygen from thl 
source, or direct from the atmosphere. It is not absolutely tstea 
tlal that the quicklime should be in actual contact with the oetd 
but if somewhere near, as in the case of the parcel of lime pockfi 
up with the needles or watch-springs, the bright metal will n 
main a long while without the least alteration in its appesraoaef 
the lime (which is already an oxide of calcium) either rec 

dditional dose of oxygen, or being converted into a carboiult 
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^L DIVISION TENTH. 

^F BUILDING MATERIALS— TIMBER— STONB-MORTAE—CEMH-V'l;!. 

71. In the volume for 1863 wJD be found, in Diriaioa TTIL, 
p. 351, reports of some papers oa the subject of Timber aa used 
for haildiag purposes, nhich abound in much that is interesting 
to the practical maa 'Xo these papers we refer the reader for 
points not touched upon here, proceeding to give some of the 
matter which, duriug the past yea.r, has appeared in the varions 
ppofeaaional papers. Compared with what we have given in 
the first volume, this is not much in amoant, although it is 
not wanting in practical value. The pretiervaiion of timber, more 
especially for railway purposes, has been a subject to which the 
attentifin of practical men has been much given of late years, 
and their researches, and the experience founded upon these, 
have done much to advance the practical solution of the points 
involved in tlie question. The following abstract of an article, 
■which appeared in the pages of the "Practical Mechanics' Journal," 
on the experiments which have b&en instituted at Ostend, in Bel- 
gium, by il. Crepin, to test the value of the application of 
BetheUe proceas of Creomting to Baltic Timber, will be oseful 
bete. 

"The experiments undertaken by me in 1857, at Ostend, to 
MCertfun the relative preservation of timber prepared with sul- 
phate of copper, and timber prepared with creosote oil, when 
placed in the sea, and the relative resistance of such differently 
prepared timber to the attacks of the Teredo worm, have been 
previously given to the scientific world. 

" I have proceeded with these experiments, and having again 
nunntely inspected the creosoted wood, I am able to say that it 
presents no trace of the Teredo, and is in a perfect state of pre- 
■ervation. The eiperiments, I believe, may be now taken 
decisive, and we may conclude that well creosoted fir timber, 
prepared with creosote oil of good quality, is proof against 
attacks of the Teredo, and is certain to last for a long time," 

After describing the trial, the author proceeds ; — 

" This trial of creosoted fir, for marine ^ut^Qsea, s^-^saa&'wj 
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me eoncluaive, both bb regards the preset' vati on o£ the wood, ■ 
aa regards its resietanca to the Teredo. Experiraimts made 
ll^tigland, and recently in France and Holland, tend to the Ba 
cimchiaioiL I cannot too Btrongly recommend the nsi 
ed tii-wood, in Hydraulic engineering, in preference to oak (ji 
price of which, especially for the larger pieces, bos become exc 
Btve), since, in addition to its being cheaper, there is no doubts 
the creosoted fir lasting longer. The Government Public "Wot 
Department has cordially adopted this most beneiicial proos 
and constructed part of the dyke, and the whole of the Araetic 
foot-passengers' bridge, in the new works at Ostend, of creoaol 
red fir. 

"At Nieuport, a visitors' pier, SOO met. {660 feet), has bat 
built of creosoted fir, upon the left bank of tlie ohanae! j and 
new pier, which is to be carried out from the end of it into 
sea, will doubtless likewise be made of creosoted fir. Moteovl 
various sluice-gates at Ostend hove recently been ordered to 
renewed, and creosoted Baltic fir and pitch pine to be used 
that purpose. 

" The only things about which, to my mind, we need ba » 
citous, are, t/ie proper creosoting of the timber with proper e 
Otote oil, and the itse of the proper kinds of tvnber, viz., tin 
best suited to the process of creosoting, 

" It has been observed that the resinous deseripUona of wo 
become most thoroiighly injected, and that the use of white 
should be discountenanced. 

" I also think it right to mention that, in the case of 1 
sluice-gates recently ordered, no limit has been fixed to the qui 
tity of creosote which may be injected into the wood ; also, tl 
it is required that the wood be first subjected to a vacnnm of : 
per cent, of the barometer for an hour ; ajid immediately sf 
this, have creosote oil forced into it at a pi^ssure of 8 atn 
spheres during at least two hours." 

72. The following brief " notes " exhaust all that we have tl 
year to record upon the subject of timber. 

a, Tlie age of Trees. — " It wag (I should rather say ts)," at 
Mr. J. Elenkaru in the "Builder," " a generally received opinic 
that in order to ascertain tlie age of any tree, when felled, it. 
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(amiutil) riiifp. 'Wlien. writing my work on ' Britiali Timber 
Treea,' which was published in 1869, I had examined so many 
trees, whose ages were pretty accurately fiEtennined, that I knew 
no reliance, in most cases, could be placed on the method of 
' counting the rings to ascertain the age. And, although in op- 
j position to men older and better acijuainted with the subject 
! tiian myself, I could not, altogether, pass over the matter in 
' silence, and at page i (first edition) is the following observation 
I on the subjeut: — ' By counting the number of these socalled 
I snnoBl rings, which are very distinct in some species, it is sup- 
I posed the age of the tree can be ascertained ; but we are inclined 
I to doubt this hypothesis, when we consider the immense number 
rf these rings ia some trees ■which bear no comparison to the time 
they may bo supposed to have been growing.' As corroborative 
of the accuracy of this stateraeut, I read the following in the 
Times, in the review of Mr. \Vm, Menzies's great work, ' The 
I History of Windsor Great Park and TFiiidaor Forest : ' — ' Hav- 
I ing obtained pennission to fell two or three trees in each planta- 
tion, about which Le entertained a doubt, he planed the stems 
smooth and counted the rings. "When, however, he came to test 
this method of cutting down treea in plantations, whose age was 
■Bcertained, he found that, between trees whose ages varied one 
or two centuries, there was perceptible only a difference of four 
or five years.' " 

6, From the same Journal we talte the following, note ; — 
" Preservation of Building Materials hy the Residuum of Ooal- 
tar. — In France the residuum obtained by the distillation of tar, 
I lor the purpose of extracting the oils and hyilrocarbons, is called 
brai (coal-tar pitch in English). Upon immersing bricks in this 
Toain, melted at 200 degrees, they become iit to use, with success, 
in the construction of chlorine chambers, also for condensers for 
chlorhydric acid. Plaster acquires a strong consistency, and does 
not crack as it does after being dipped in silicate of potash or 
Boluhle glass ; by virtue of its porosity, it is thoroughly penc- 
il tnted by the resin, and beoomea permeable to all other substan- 
. caa; while objects moulded in plaster retain their furm without 
■ tile least alteration. This ia so true, that cryst.'^ls of gypsum 
(natural hydrated sulphate of lime) become, in the resin, of a 
g.ilaek colour, the crystalliae form not "beuift dtiKo.%wi.,^wS. 
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tliB water of hydration being replaced by the resin : it is a pi 
domorph. Alabaster acts in the eame way. 

" Stones covered with coal-tar, or even with greasy or resinom 
coating, resist tlie action of wind bringing salt-spray from tl 
bstter than do bare atones. Mr. Euhbnan, according to SiUima^$ 
Journal, has discovered, that resins, greasy matter, and variow 
other substances, act in the same way, and that it is also the es 
with all liquids and bodies in fusion, when they vmt the bodf 
which is to be penetrated. In the case of plaster it lb not i 
simple effoct of jiermeability, bat rather of displacement of th« 
water ; the plaster becoming anhydrous, is thoroughlj penetralec 
by the t-arry matter, and its consistence increases, but the forma 
" object moulded is preserved unaltered, even when the bath at 
resin is raised to the teraperaturo of iOO degrees C, At from 
150 degrees to 200 degrees C., stearic acid acts like resin; '" 
plaster becomes impregnated -with it, and at the same time lo 
its water of hydration." 

e, The following is from the " Building News : " — 

"Preserving Railway Timber. — There are several modea in. 
use for chemically preserving timber. One recently adopted with 
BUccesB in America, consists of Burnetizing, or using a solution of! 
chloride of zinc, one pound of chloride to about eight and ontr 
• half gallons of water. The liquid is forced into the pores of Ibe 
wood under heavy pressures, and by this process, the wood is a 
only preserved from decay, but in a degree rendered incombn*' 
tible. The stronger the solution, the less danger from fire. Tl» 
wood is trBated when newly cut, and as the salt does not in^ 
juriously affect iron, and it is a powerful deodoi-i7.er and ^lA 
fectant, it has some positive merits. The cost of tliis process, pi 
eleeper, in ordinary times, is about seven cents. The anntul 
report of the Philadelphia, Wilmington, and Baltimore Bailwaj, 
' says; — ' From evpry appearance, this mode of preparing cross-tMi 
and timber, will result in the end in great savings, as it promiM 
,to greatly increase the durability of all kinds of lumber, and 
greatly diminish the expense of labour in removing defectiv* 
materials. As a case in point, we may mention that about tl 

' a-half years since we caused to he placed in the track, ft 
■ ' I, two cross-ties of gum, a wood the most perishable, whw 
H^jioucl SomluonB. QtwHeaBuiaetixeii, and thad 
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was in its natural state. A few days since, both woro examined ; 
the one that was Ewnetized was found to be as sound as when 
put in, and the fibre of the wood, had become hardened in the 
meantime. Tbe one that waB not Bumetized waa found to be 
entirely rotten and useless.' The time occupied in the process 
for completely eaturating sleepers, is about seven and one-half 
hours, so that two charges per diem, of the solution, can easily 
be prepared," 

73. In March 18G3, the Eoyal Institute of British Architects 
appointed a Committee to investigate into, and make experiments 
■upon, the subject of "Artificial Stones," to wliich, of late, very 
considerable prominence has been given, from a variety of cir- 
cumstanGes not necessary here to specify. The committee, in 
cftnying out the experiments, " deemetl it advisable to institute 
experiments upon other materials, as a means of comparison," — 
these being — 1. Portland and other vai-ietiet of Stone; 2. Slate; 
3. Briehs; 4. Ooncret/-; 6. Martin's Cement; 6. Wood; so that 
the report has a much wider interest to the practical man than 
its more special title, as given above, would lead one to suppose. 

" The Committee met on the 11 th of March 1863, and at once 
issued notices, and advertised in the public journals, that it was 
desirous of receiving prospectuses or other information connected 
with the manufacture of artificial stone ; and resolved, — 

That each patentee be mFormed that this committee piop(»es to report 

mere!; ou the actual facts wMch may appear in the inveatigatioa ; 
That, BO tar as possible, the Tarions metensJs used in the investi^tiona . 

be supplied under the immedinta supervision of this ooiumitleB; 
That Mr. C. H. Smith, Honorary Member, be addod to this coramittBe ; 
That some eminent chemist be aaaociiitert with this committee, in order 
• to ftSaiat it in the inve.9tigatioa of the processes [Mr. Altrud White 
reon added] ; and, 
il each patentee lie requested to inform thia committEa of the prooeed- 
" p he mould propose to adopt with regard to the inrosligation of his 

" It received responses from Messrs. Coignet, Eansome, Bod- 
* and Wheeble.+ 

*• Mr. Charles M. "Westnmeott put forward his patent cement 
er; and they, although perhaps beyond the scope of the 
B, were received by it, an account of the interest that 

' Eatent Stone Bridu. -f- Eeoding UAiej SAjuqa. 
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had lieiiii shown iii the .patent, at the loeeting of the Institute. 
ou the 23d of February 1863." .... 

As ah^ady stated, " tlie committee deemed it advisable, for tha' 
better understanding of the r«Bulta obtained, to institute expeii> 
menta upon other materiala aa a means of comparison, the result* 
of which are appended in Tables . , ; and it would partioo* 
larly direct attention to Table D (given at the end of this parai^ 
graph), showing a series of experiments suggested by Mr. John W, 
Papworth, on cubes of Portland stone, 2", 4", and 6" in height, by 
their respective beds, cut from a carefully selected block 3' cabe. 
The deductions to be drawn from this table appear to be that 
the results obtained from crushing small cubes of S" and underj 
on the side, as usually given in accepted tables, must be p ' ' 
■with considerable caution, inasmuch as while 2" Piisms 
bore 1'5 of a ton put on the aquare inch, and 2" Prisma 4" X 4 1 
and 3" Prisma 6"x6', nearly 2 '5 tons, yet 6' Prisma 6"x6' ' 
■1" Prisms 4"x4:', only bore I'S of a ton on the square iadu' 
showing that the strength certainly increased with the size oft' 
area, but apparently not in any definite proportion; while it w 
observed in these experiments that the height had considerabla 
influence upon the ultimate resistance, a result not expected, and 
in contradiction of the usual neglect of the height, until that 
element exceeds six times the diameter. 

" From Table F (not here given) it appears that the cohedw 
power of cementa may be classed in the following order ;- 
Martin's Portland and Roman; hut it must be borne in min 
that none of these had been exposed to atmospheric influeocesj 
yet the very remarkable differences without any appreciable & 
in the results of the various experiments show that the s' 
of cements is a subject upon which no satisiiictory theory bas Ji 
been definite^ propounded. ^_ 

[ " The committee trusts that the time required for preparing and 
^tasting, at given intervals, so many and various materials, will In 
I sufficient reason for not laying the Eoport earher before you; ou' 
Bt will be seen from the extreme variation in the results givea 1^ 
l^e ^periments, that the committee ia justified in repeating t) 
Lsxpeiience of all zealous investigators — viz., that, without p 
Bo tlie well-known inapplicability of general Ibrmulas to p 
B^m^^a cQUQuil iiiwat not be surmised at fintjig g ^ 
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committee will not draw peremptopy deduotiona from evea tha 
experiments made, considering tliat the least number, to arrive at 
anything like a perfect conclusion, should be more than twenty 
of each size of every material ; the committee felt that it had no 
right to exact so much time and espenae as thereby would be 
Teqnired from the professional gentlemen of your committee, or 
from Mr. Dines, who personally superintended the details of each 
experiment ; and, moreoTsr, it had no funds placed in its hands 
by the Council fur that purpose." .... 

Tlie following are the "general statements of results" aa given 
in the Eeport r — 

"Mons. Coignet's process is admitted to be highly suecesafn! 
on a large scale in Paris ; hut the majority of the cubes prepared 
ty him do not appear to be ranch stronger under pressure than 
ordinary concrete, and inferior to Bath stone, although they im- 
prove by age ; and this weakueaa is impugned by him na a result 
on the ground that the samples were made out of his factory, and 
that he had not all the appliances requisite at command. A 
rtep-laading, and bas-rehef, made, in April 1863, fi-om the sweep- 
ings of refuse used for making blocks for experijaents, are still at 
Mr. Dines', and having been exposed to the weather, as well as to 
wear and tear, appear to stand as well as Portland cement." 

Of Mr. Eanaome'a process the committee express a favourahle 
opinion as to its being founded upon " scientific principles," but 
state that "there is an important difference between these and 
MJ]n& Coignet's exampbs, that ilx. Hansome is not able to de- 
, clare that his process is highly successful on a large scale, hut 
represents that ha has not yet completed the appliances to put it 
iato operation. In soma of his specimens there appears an im- 
provement as they advance in age ; but so irregular is this that 
DO reliance can be placed upon that feature. But it would seem 
itha^ if the process of penetration ia complete, tha ultimate 
! strength is attained in a short period, and that the external in- 
Saences of weather had little eifect upon them in that respect 
I Tha conmiittee feels that if Mr. Eanaome can insure the perfectiou. 
|(rf iaa entire process, restrict hitoseif to the production of work 
fur each occasion, as it may arise, and (for the sake of artistic ex- 
cellence) avoid becoming a manufacturer of casta from a certain 
uoulds, it ia possible that for exteimil ^aoQ^aiA-i^, y^v 
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posea there ia a large field opau to him ; hut they are of Opmion 
that, aa yet, Mr. Ransoms has not rendered his lusteriaLsuitablt 
for the chisel oY the carver oi the tool of the modeller. 

" Mr. Wheeble (Keading Abbey Concrete Stone) sent moaldai 
bricks, made at Readmg, from the works to the cominittee, an4 
they seem to have au ultimate strength, apparently produced If 
the use of stone time from Bridgwater, eqiial to that of c 
stocks ; the latter, however, possess the advuatage of not yieldiifl 
uutil the instant of disintegration. The i" cubes made In mooU 
supplied hy the committee, and in its presence, never attsind 
the strength of concrete except in a case where large gtaTcil gj 
flint was the chief ingredient. 

" Messrs. Bodmet (Patent Compressed Stone Bricks) e 
their inability to comply with the requisitions of the ci 
as to 4" cuhea, as the moulds of their press were of ordinary bridc 
aize i aad if their materials were pressed hy manual labour it 
4' cube moulds it would not represent the artificial stone whiell 
they were iu the habit of pToducing. The committee accepted 
accordingly bricks supphod from their works, which show a 8te»4f 
progressive increase ia strength as they advance in age ; and thn 
results justify the statement made by Messrs. Bodmer, that afte^ 
six weeks to two months the bricks are fit for use. The con- 
luittee regrets the unfortunate inability of Mr. Charles Westmir 
cott to put himself satisfactorily in conneotiua with persons hav- 
ing at their disposal the premises and materials which he required 
for the display of the qualities of hia processes. These ohieB|f 
depend upon the mixture of natural materials before adding walet 
The committee has been able, however, to test one or two expel ' 
ments, which result in giving it a favourable opinion of the sj 
tem adopted by him both for ceilings and for composition applied 
internally or externally. These may still be seen in Mr. liine^s 
yard, having becu exposed through last autumn and winter, 
quick stucco, for rendering ceilings, was tried in the month ti 
May 1863, consisting of unslacked Uma, elialk, and sand, a 
r pure, before adding water ; it occupied in making and settilf 
[ twenty minutes, was followed within an hour by ordinary gaugd 
f MaS, and stood without cracking. Messrs. Francis, of Nine £lui 
I have recently made arrangements with Mr. Westtnacott to spplj 
■U^^^itifBW pisfituially ; &oiu their opecatiooB, on % j 
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extended scale than waa possible to be carried on before tlie 
committee, the valuable character of hie inveution m&y be more 
decidedly proved. 

" Had the results of the experirneats now laid before yon been 
more consietent with eatih other, and had they resulted in con- 
clneione highly fitvourable to the various processes, the caffltnittee 
would still have felt bound to impress upon the members of the 
profeasion who have the opportunity of trying novelties, that 
future experiments for testing the strength of materials should 
be made on cubes of larger dimensions than have been heretofore 
employe[i ; and they would suggest that cubes of (i" sides would 
perhaps be the simplest and best adapted for the purpose : with 
regard to time, years instead of months aie necessary to enable 
any one to arrive at practical conclusions as to the durability of 
»ny artificial material put forth in lieu of natural ones." Tlie 
fi'llowing is the table referred to in page 318 : — 

Table showing lite results under pressure of Cubes 3", i", and 6" iit 
height, hy tlieir Base. 

PoBTTJ.]™ Stonb {Btotbh. Bed). 



Height. 


Base. 


Crauhed. 


Cruflfiad. 


0..,.i„.h. 


Rkmabks. 






Tona. 


Tons. 


Tons. 




3" 


2 X S 




B-2 


0-8 


At oai^o. 




2x2 


i'ii 


6 


1-B 






4 >: 2 




20-2 


2'fi 


At once. 




2 X S 


2V0 


23-5 


170) 








8-0 


41-0 


2-6 I 


Across tlie bed. 




8X8 


84'0 


a6'0 






4" 


2X2 




3-0 


076 






* X 2 




17-0 


212 






4X4 


26 ■is 


39-26 


1-82 






4X4 


24-25 


9a-7fi 


1-85 






4 X B 


31-0 


46-0 


rs7 


a Very slight 




8X6 


48 ■0« 


8^0 6 


2 ■27 


6 Not crusiied. 


r 


9X3 
8X2 


2 8 


3-4 

10-0 


0-8S 
0-83 






4X4 


li'-'o 

28 


20-45 
32-0 


1-27) 
1-33; 


L to bed. 






64 'Oc 


70 


I 84' 


c Very sligUt 


ir " 


fi It S 


65-0 


fiS-75 


l-«0 


\ 
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74. It ie hy no means flattering to tlie modem practice 
building to compare some of its " slop woi-ln'' with those of fotmei 
(Hiiiluries, which were destineil to iaat for ^ea, and in which n 
tar of a quality rarelj seen now-a-dajB waa used by the anciuol 
builders, In an exceedingly valuable paper in the "fiailding 
Newa " — under the title of " On the English Style of Making 
Mortar" — the whole subject is gone into, and from which niiwh 
that is thoroughly practical can be derived. " The philoBOphy 
of using a mortar," says the writer of this able article — of which 
we can only give an abstract — " conaiata in preseutiag to tUe 1B»- 
teriala that ate employed in masontj a body that should set or 
burden in such a manner aa to constitute, in conjunction with 
those materials, a solid, homogeneous mass. This is gsneraUj 
effected by means of the varieties of the carbonates of lime thai 
are reduced by biirning to the state of the caustic lime ; which 
then, by the mixture of a certain proportion of water, crystalliH 
in a rude, imperfect manner around the matrices that are pre- 
sented to them, and gradually hanlen by the absorption of tb 
carbonic acid gas from the atmosphere. The ancient theory ■» 
that this absorption of the carbonic acid gas was the immediate^ 
cause of the hardening of all limea; but mo<lera chemiata bam 
found that there were insuperable dif^cultiea in the way of tl 
lime meeting with a sufficient quantity of the gas to ensutetii 
convereion of it, within the usual time of setting, into the 
bonate of lime, or into its ori^nal state. The present opinion i; 
tbat the caustic lime passes into the state of the hydrate of lii 
In this state it converts the water necessary for its cryata."" 
and it gradually absorbs the carbonic acid gas uecessa^ G 
reconversion into the carbonate of lima The diflereneea 
are observed to take place in the ratea of setting of the diffeR 
(qualities of lime are accounted for by the greater or less affi: ' 
that they poaaess for the combination with the water; ai 
the silicate of hme and alumina, in certain proportions, t 
notable facility for forming this combination in the caustic st 
the great object of the constructors is to present such propc 
of lime and alumina as shall have the necessary conditions. 1 
the grey atone lime, the blue lias lime, the Portland cement, ■) 
the Eoman cement, in their various degrees, offer the c 
VMBtuig the aiUc&tb of alumina in the le^uis^ pi 
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for the graiJual hardening of thu mixtures; but tbey ar«, it muat 
be observed, very different in tlieir modes of setting, owing to 
the diiferent proportiona of their ingredients, and also, it may 
be BUBpecled, to the state in which those ingredients are found, 
M the stale of combination of tlie silica and alumina has been 
found to materially affect the nature and the conditions of the 
eompound thus formed. 

" Prom what has thus been said with respect to the settiny 
of limea, it will be easy to see that th« practice of London builders 
in using that material ' hot,' as they call it, is a mistaken and 
dangerous one, both theoretically and practically; and the atten- 
tion of professional men cannot be called to this abuse of ma- 
teriala too forcibly. The lime, in these cases, is rarely completely 
daked, at least in the ordinary methods of making the mortar 
by the use of the pugraill or by hand ; and there are, consequently, 
large portions of the lime that are exposed to derive their water 
ftom the atmosphere, or from the surrounding bodies with which 
they are in contact. Bat if the lime 'he, on the whole, well slaked, 
and there be only a few lumps that have escaped the notice of 
the person charged with the preparation of the lime, still there 
miut he the danger of employing the lime before it has completed 
the action of hydration; that always takes from one to two days, 
with the exception of the cements. There can be no doubt hut 
the lime ought to be used as fresh from the kiln as possible, so 
as to ensure tbe process of hydration taking effect in the best 
way possible, without the hmes having had time to become pai'- 
tiaUy and irregularly slaked. 

" Whilst thus alluding to a bad custom, that owes its origin 
to the ignorance of the workmen of the conditions that ought 
Us prevail in the hydration of limes, it may he as well to revert 
to another custom, which appears to be owing to the same cause 
— we mean the use of grouting, as the thin lime is called, that 
the London builders deluge their work with, It may be necessary 
thus to introduce it in the brickwork executed with hot bricks, 
»ndtbu9 have a degree of absorption that would infallibly subtract 
iSi the moisture necessary for the hydration of the lime from the 
mortar; but this is a very bad way to supply the water that the 
bricks would require, and it amounts to jiist so much lime wasted 
■H-Aiiteis into the compoeitioD of the grout. TW ^lu^^ ^niaE&^^ 
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of all masoniy is that of exccutiDg it witli wet materials, and drg 
or rather stilt^ mortar: instead of this, it would appear that wh' 
the London builJera aim at is the use of dry materials and w 
mortar, so that they provide for the absorption by the proportion 
of the moisture they hold in solution in the cementing iDgredientE 
Vicat, anil all the French authorities who have written on tht 
subject of limes, have always protested against the nse of gtoni 
and no doubt the Gontinuance of the practice is only owing tl 
the ignorance of the workmen employed in' the execntion of tb 
hrickworl;. There is, however, for them some shadow of an ei 
cusa, in the excoriation of tlieir fingers attending the use of ti 
bricks and stiff mortar; but that consideration ought not lowei^ 
with the architects or civil engineers, who are Ixiund to see i 
the various materials are employed in the bnst conditioni 1 
arguments by which this practice is defended only provB the a 
lessness with which London bricklayers eseQut« their vork, ai 
their ignorance of the laws affecting the class of mateidali tl 
employ. 

"Th^ appear to be many things connected with the ^ogctt 
of calcination at present involved in mystery. Thus, it is knevD 
that with the moderately hydraulic limes, the portions thsbv 
MidcT-burnt acquire the property of setting in water to a mi ' 
greater degree than those portions that would be considered w 
burnt ; and the portions that are over-burnt also seem to hi'* 
the same power, The core of the furnaces, as the under S 
over-burnt parts are called, has thus been frequently used A 
hydraulic works with tolemble success, so long as the aelwt' 
ramained in the hands of tliose who were capable of nsUC 
Again, the introduction of the artilioial poitzuolanaa, oe-qUb 
tiles, slack-burnt hricka, andother ingredients, into then^^H 
hydraulic limes, with the view of presenting to them 1^^^| 
of alumina in a peculiar state, has been found to bucG8«B^| 
ns the mixture was not exposed to the action of the salts conMt 
jn aea water, But directly the sea water acts upon the compooi 
they have always gone to pieces. In the case of Portland MBU 
tho mixture of 80 per cent, of lime, and 20 per cent, of day, i 
under the inflnence of the extra degree of burning it is expoi 
'l0i yielded an ingredient that has stood the eii'ects of sea vi 
ItaHBM won Mtuax ^teen ^ean-, lust ^iaea ika^ atmim^ 
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1 to apprebeuJ iU ultimatd yii^lding to the attoclis of 

Btnoat ineidinus cause of decay, The theory of the pyrogenic 

jinpoiuids of liuie and the silicate of alumina is just now in a 

y imsatiBfactoiy state, and it wo-old well repay any persou whu 

d devote the necessary time and attention to its Bttidy ; it 

a thia direction that any new discoveries in the preparation 

aes and cements must he realized. 

f "What has thus been Baid with respect to tlie mixture of some 

uices witli the moderately hydraulic hmea, for the purpose 

pigiTing them the powers of setting under certain conditions, 

paid naturally lead to the inquiry of how the qualities of thft 

B that are generally mised with liiuea can influence their 

^ of setting. This is a matter of far greater moment than huildets 

1 to think) for the hiues they use are all eminently of this 

l^ption — that is to say, they are aU moderately hydraulic — 

■ lioilders are therefore diiven to the use of cements where they 

S to execute works that require the rapid setting of their mor- 

The rood sand, ami the river sand, that are generally used 

nixing with lime, are composed of pure sihca, raised with 

tahle and animal matter, that do not communicate to the mix- 

I any properties that would harden it, hut they only serve ti> 

" r it poorer, or they only dilute the lime. Pit sand is hetter 

a either of these, especially if it contains the silicate of alumina 

' e soluble form, wluch all the pit sand of the Bagshot Heath 

a does; hut Loudon builders appear to have found out, 

,e rule-of-thumh process, that the presence of the silicate of 

a. old brick rubbish is the best thing for presenting an 

diaai to the lime that should contribute to its setting : 

K^e care with which the ruins of old buildings are worked 

■iUi very moderalflly hydmnlie lime used in London, under 

18 of stone time, must be a subject of surprise to those who 

V how little science builders bring to bear upon their pro- 

The mixture of blue lias lime with burnt clay under 

f rollers, that allow the hydration of the whole mass to be 

1 in a substantial manner, must be referred to the same 

I of phenomena; and the custom of using blue ash mortar, 

lab is prevalent in London wherever pointing is required, may 

mlained on the same ground. Coal cinders are said to oon- 

k<[tboat 44 parts of silioa, 27 of alumina, & cA^m*, *»&. ^^ 
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of oxide of uronj and the reosmis for their mixture with tbf 
moderately hydraulic lima is therefore apparent ; but they n 
be used with care, itn they are remarkably absorbent of water, 

I are very likely to reduce the mortar to the state that tl 
workmen designate by the term ' short,' Pozzualana and tm 

r Llutch eiras, was furmerly much used in London for the ex 
cutioa of foundations and water-works; and could the mixta 
bo depended on, there Bcems no reason why it should not nm 

e occasionally resorted to. The composition of the pozznoUi 
of Civita Yecchia, and of the trass of Andemach, was Raid \ 
Derthier to be composed of about 57 to 44 of silica, and 12 t 
16 of alumma; the remaining ingredients being lime, i 
oxide of iron, potash, and soda, in innigniticant proportiDas. 
the ingredients had, in this case, been assembled together ii 
lure's laboratory, under the influence, too, of great heat, and ll 
effect of them was always remarkable. Smeaton used the V 
lias lime mixed with certain proportions of the pozzuolanas fur 
Eddyetone hghthouse. Vitravius recommends t)ie introduetia 
of the ingredient in all foundation works; nor can there be « 
reason to doubt that its mixture with the moderately hydiwd 
limes, properly Itydrated, would produce an excellent tuori 
Whilst upon the subject of the influence of the materials ll 
enter into the composition oi lime mixtures, it may be ae n 
to add that in concrete there is little done, other than to prorid 
a kind of nucleus, round which the lime may crystallize; ■ 
the presence of the Kentish rag in small volume, or the refoMl^^ 
broken limestone, seems therefore to be desirable as present , 
form which the lime itself would afl'ect in crj-stallizingL TbeCV. 
condition, with respect to this introduction, is, that it shonldll 
he allowed to diminish the resistance to crushing of the n 
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|» give aa abstract of an able paper in the " EiigiiteBr" under 

b title of Railway and other Bridges. Ailer giving the mean- 

f the word, and a notice of Bome of the earliest forms of 

jea, tlie writer proceeds to point oat that " all bridges must 

B|-C0Qatntcted on one of two principles, compression and tension, 

_ 1 most involve the two principles together. Bridges of stone, 

Hb^ concrete, cost-iron, and some of timber, involve the com- 

waon principle or thrust, aa in arched forms, and cast-iron is 

k \seai as far as r^rds strength, for it is practically incom- 

iBtble, and probably the cast-irun bridge called the Southwark 

_ st bridge in the world as regards superstructure. It 

lubject to rust or oxydiae, but so are some kinds of granite ; 

I then, again, granite is more brittle and apt to chip at the 

i, for which reason 2 inches in thickness are wasted in chip- 

j away the edges regularly to prevent them from chipping 

jularly. 

* But there is a disadvantage in the compresaioa principle, the 
t weight of material which presses hard upon the piers is an 
rourabla condition to the marshy beds of rivers ; and we ean- 
f conceive anything more uiimechanical than a huge stack of 
ieu piles driven into the bed of a river, and a massive etone 
r built thereon, to support ponderous stone arches, the smallest 
lement causing the arches to crack — a disadvantage avoided 
P&e iiSB of cast-iron. "We have long been accustomed to coii- 
ine as the most chemically durable material; but it is, in 
3 imcertain as the different kinds of timber, and thougli 
B kinds of granite are durable, there are other kinds inferior 
i brick. Upon the whole, artificial stone, whether prepared 
s bricks, or by chemical mixture, will, as they go on im- 
j, be found to be the beet chemically; but it is not pro- 
Bale that they will attain the solidity of metal, which, from 
f. first inti'oduction by Thomas Paine or others, has gone on 
use from the time the Sunderland bridge was first 
BOted; and since the advent of xailways goes far to abolish the 
B of stone altogether, at least for railway structures. The vi- 
n caused by heavy rolling masses disintegrates stone; and 
a doubt that, if iron does not displace it, concrete 
\, for the same reason that steel displaces iron — it is homo- 
Erick and moriar, or brick aiiil cement, a.ta na^s. ^wA, 
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unless tbey ate of equal mechanical hardness and toaghnesa ; 
when stone is used, it is sought to make a mechuiical fit a 
the aurfftces nithuut cement, unless in structures simUar to «' 
is called Kentish rag, or flint walls, in which the walls are reallj 
formed with mortal, in which the stone does not seirB for stnngtltj 
but for filling in — aud, we may add, for fulling out alsa 

"The weight of cast-iron has given rise to the use of wrouRlrt 
iron in the structure of railway bridgea It is generally aj 
that cast-iron is most fitted for compression, and wrought-im 
for tension; but in truth, wrought-iron is well enough adaptM 
for thrust, if it he iu sufficient thickness, and it has the eAvua 
tage of not being brittle — a very eerions defect in railway bridgM 
iji case of concussion — but whether for railway bridges 
ordinary traffic we have probably seen the last of atone hndget 
over the river Thames. , 

" In the construction of iron bridges, not the least imporfaml 
point is the rapidity with which they can he erected, and el 
cially as regards the piers. The atrocious old cofFerdania, layinj 
bare the bed of the river, and breaking it up with piles, b 
departed, and the caisson has assumed another form in the hollaw 
cast-iron cylinders. But these have atiU their defect. There ■ 
no existing means of spreading their foundation. They a 
samples of want of 'footing,' and are deficient in beari 
face. .... 

" The question is, would rust affect the cast-iron mischieTOasI) 
intemallyl We do not think it would, for in the proceasol 
building the cast-iron might be heated with fires and solid' 
pitched over. Smeaton, in the Eddystone, heated his iron ai 
dipped it in linseed oil. "We look forward to this mode of stw 
tiire as a great probabihty — combining ample strength with pt 
lightness and abuudant bearing area, analogous to the screw p 
in principle, but of a diameter it would not bs possible to attalti 
with a manageable screw. Pitched inside, and on a heated « 
face, and with the outer side close rammed in the earth, it wouU 
i take some generations to convert that cast-iron into an oxids; 

"Preservation from rust ia a very important element in ae 
e especially in wrought-iron structures, and this is n 
g itself on puhHc notice. At the time of the ei 
wsay and UntoxtN^^^tvl^ea, a preference v 
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1 ijiiai'tei'Iy puridtliwil for the iiiyli-levu! bridge dt Now- 

ltl&-on-Tyiiii instead of tbe Britannia, the one being a permanent 

1 Die other an ephemeral atnictiire, having 7 miles of cellutiir 

ftuig rongh with angle iron, 21 inches in height, and 18 inches 

; which no engineer could possibly inspect without being 

pawn throtigh on a tmck, first on his right side, then on his 

~l^ then on his hack, and lastly on his stomach, making 38 miles 

e ia the engineer who would do this, with the dust 

xping into his eyes, and ooBilenaed water followingi Ami, 

iBtnting be contemplated, who is to supervise the boys at woi-k 

■M, with the sun shining, the lirai^ht of air is so strong that, 

i closed at one end, each cellular tube becomes not a pea, 

i a boy shooter. The papers have lately been rife with an 

mt of 40 tons of runt and scales taken out of the tubes, and 

it remember that very soon after the erection of the Conway 4 

wwere taken out. Vt'e had predicted this result, and that thi; 

s would come wlien the papers would be full of notices of ' ths 

Kcoountable subsidence of the Britannia Bridgt^' The rust haa 

Ue, and of a surety the subsidence has to follow in due time, 

B long been roofed with asphalted ]>aper to mitigate external 

|T6. On the f 

I part of an 

iplementing it by (b) The Strength of Small-span Hailvmy 
klgcf taken from the " Building News," After deacribing the 
r stone arches which chanwiterised the practice of railway 
sering in the first period of its history, the writi'r proceeds tii 
h ikti the days for the employment of these materials, for the 
raction of railway bridges of moderate span, are numbered. 
f The wrought-iron girder acta so safely, cheaply, and eon- 
" mtly as a substitute, that its employment has become almost 
i necessity. With the first coat, paid to the iron- 
D or engineering finn who undertake its manufacture, the 
I ginier bridge inay be said to begin and end. 
) expenses of erection are usually very moderate indeed as 
1 with the coat of a bridge of either brick or stone ; 
L many oases, where headway is valuable, an immense 
mt of indirect expenditure ia avoided in the loweciJi% <i^ 
l.cioSBed, 01 in the elevation oi \.\ib taiiiwa;;}, Twe 
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sillier liriJge, too, wilt sustain ita loftd well, under conditioB 
wliere B bnilt arcb would (five way at once. We may (" 
ns ELD instance — one among many — a case where an accommo 
bion-brit^ is carried across a branch railway line ia a crowde 
niining district in South Staifordshire. The bridge accommoHstfl 
II double line of narrow-gauge tramway, on which truck% 1( 
ivilb from two to three tons of coal or iron-stone, are conve; 
from the pita to the blaat-fumacea, and a wide Macadamized n 
s welL The workings of an old mine ran right beneath tht 
abutments of this bridge, which is of abont 38 feet span, o 
posed of four wrought-iron girders, A few years ago the ground 
liegau to give way, and tiie abutments to sink. A strong timbSE 
frame waa then erected at each aide against the face of the hridt-. 
work, a top aUl fniataining the ends of the girders, 
ported in turn by heavy uprights, resting at thtir lower ends oi 
double oak wedges, opposed to each other, which rest ( 
balks weli ballasted. As tlie baUast sinka, the wedges an 
in from tiuie to time, by an arrangement of screws, and tin 
girders are thus lifted again through the apace they have de- 
scended. The vacuity between them and the abutment is made 
good from time to time in this way ; four courses of brick hxn 
been put in at one side and three at the other without any inter- 
ruption to the traffic on the road above, or the railway beneath 
the structure. Had this been a brick or stone arch, instead of I 
an iron girder bridge, it would have tumbled into fragments long I 
since. The great strides recently made in the iron nianufootare i 
enable the niijdem engineer to avail himself of wrongbt-ii 
constructive material, to an extent which was hardly hoped for J 
ton or a dozen years ago. One firm already undertakes to Hupji 
girders roiled in one piece, top and bottom flange included, rf 1 
length sufficient for all moderate spans, at a price little f^ 
than that which cast-iron girciers of equal strength would a 
For greater spans, bos and built-up girders are turned out 1 
the greatest ease and rapidity, by the combined aid of iinpn' 
k punching and riveting machinery. The rules for calculating^ 
'rength of these beams are simple in the extreme ; and, c 
lompleted, we know that bridges composed of them are thora 
'iable for very many years. Probably the clieapeet bridgoS 
\ 'ww^ '«i'>^ &> 'Ntwu^uAr^ati girder placed d' 
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ijuneath each rail, a longitudinal sleeper being interposed. All the 
expense for cross girders — often a very considerable sum — is tbuH 
8aved, and the laaA is al once transferred, in the moat direct 
manner, to the point of support. In rural districts, headway is 
aeldotn much of an object within certain limits, and this mode of 
construction is thus peculiarly suited to such situations. The 
following formula shows, almost at a glance, the dimensions 
which should be given to each girder: — 

D=. Depth of girder in inchefi. 
A ^- Ares of buttom flange iii iuubf s. 
S = Span in inches. 
W ^= BrBflldng weight in tons. 
— ^ — ^ W for girders loaded at centw. 

q-^ — — W for girders with liiBtrLbutBd lond. 

The depth should equal 1-I2th or 1-lOth of the span, although 

tte rule is often departed from both ways. 
f- The principles involved in the construction of wide-span bridges 
^Bfifia more complicated and abstruse than anything which apphe.'! 
Hvitiie plain girder, acting, so to speak, as a joist of the simplest 
^Hbd. The varieties of bridge are all but inflnits; almost everj' 
^■^eer i^arding some particular system with favour, and era- 
^Hwrin^ it to the exclusion of all others. The number of wide- 
^Blcs is comparatively small, howovor, while those of 10 ft. to 
^^fi. can be counted by the thousand. The means of carrying 
^Bpuraye across the roads and sti'CBms, which traverse the face of 
^^B connCry in all directions, thus becomes a matter worthy of 
^^mul consideration, as on it an outlay of very large sums indeed, 
^Bint wholly depends. Great improvements may yet be looked 
^1^1 the mnnufactui'e of one-piece girders j and their invariable 
^Bptioti, to the exclusion of brick, stone, and cast-iran, is far 
^^fe unlikely. A certain limit, it is true, exists, which it is very 
^Hfirohable we will ever exceed, in the dimensions of rolled-iron 
^^Mb What that liniit is, however, no one now alive can de- 
^Hiune. Once arrived at in iron, there can be no difficulty in 
^Bfbiing it in steel as well ; and a few years will, we have no 
^Httrt^ see spans crossed by girder's of that material, which are 
^^pgot over by very costly and complicated structures, in a Usb 
^Hknt ar eaavemeBb manner." 



^m^gm 
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b " strength of Smnll-gpau Railwaij Bridges. — In calcukting; 
Uie atrength of Braall-span railway bridges, it must always be borne 
(I mind that the; will have a greater load, per foot lineal to sup- 
port, than a large spau bridge ; and we must not simply take ths 
usual allowance of TS tons per foot lineal (for a single line a' 
rails) aa the greatest moving load. For instance — place a loco- 
motive on a bridge of, say, 7 ft. span, with the driving wheels id 
thu centre, having a load of 14 tons on them, this wilt be equal 
to a distributed load of 38 tons, and, therefore, eqiial to 4 t 
I>er foot lineal. We must consider the span to be the diatauotf 

[Q centre to centre of the bearing surface of the ends of th( 
girders on the abutments. In the followbg calculated loads per 
foot lineal, the weight of the bridge itself is not included ; it 
must, therefoi-e, be added to the moving or accidental load ii 
making the calculation of the strength of the girders. 

" A bridge of 33 ft. span, having a locomotive plaoei 
posil.irii) to give the greatest strain, thus — 



rig. 21 




will be equal tn a load, in the centre, of 2i tons very neatly, 
i-i|iial to 1 " 5 ton per foot lineaL No other position of the 1 
motive will give a greater load, per foot lineal, on this apan. U 
the span is increased, the load, per foot, will decrease 
therefore, we may take I'S ton, per foot lineal, aa the greateri 
moving load that can ever come oii bridges of 32 ft span and 
upwards, for a single line of railway, on which locomotivea r 
of the above dimensions and weights on the wheels, 
the above span to 30 ft., and we shaU have a load on 
eqnul to 155 ton, per foot lineal, with the locomotive in ' 
B position. With 28 ft. apan, under the same condition^' 
1 will be equal to I'G ton, per foot lineal, the moving ll 
>t lineal increasing rapidly aa the lengths of the epuw 
aa the foUowing ttAAca ■vVi A\w« ■ 




i 
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it Juoviug luad ou 32 feet ajiaii =^ 1- 



ith a 16 ft span tridge, single line, the position 
itive must he altered to give the greatest strain, thus— 




The wheok with thu iR'avi.'ist weiglit must be placed in the 
intre of the span, as this position will now give the greatest 
eight per foot. lineal : — 



ISfaet span = 104 ti 



I 



I'the locouiotivBS vaiy in size and weight, the load per loot 
f will also vary accordingly. Therefore, in making bridgeii 
; ' small apana, the locomotives inust be taken into account in 
Aking the calculations of the strengths. This is not often done 
f many engineers, wlio often simply take the usual 1-5 ton foi 
■idges of any span. 

" The following formula, for caloulating the strengths of built 
joaghtiron -plate girders, is very ^mplei — 



I 
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Lcl u> = distributed moving loud, 
„ vf= „ weight of bridge. 
„ {^length of Kirder, or disbmue between centres of bearings, in feet 
, , ci ^ depth of girder, in feet. 
„ x^number of square inuhes, sectionaj area of bottom Han^e: 

strain on tn« metal to be 5 tons per square iucb, wliich ia 

sufe load. 

= —iT—, — T- = "^ ^ cumber of square inches in tho bottom flange, 

77. 'Die followiog ia an abstract from a paper on Light floiyii 
in the " Building News ; " — " A proper liiatinction miiat I 
Ijetween roofe which are really, and those which are only a|^ 
rtiQtly, light In the pre^nt article wo use the word in its iil 
snlato sense, and not as a mere technical or seethetical tenn. 
is quite possible to construct one roof from timber beama whid 
uhall look exceedingly heavy, and yet weigh many pounds li 
]ier superficial foot covered in, than another formed of iroa of tin 
juost aerial proportiuiia. 

" Iron alone is wholly inapplicable to roofs of a mtniniunt 
weight, while it is obvious that wide spans cannot be treated ma 
cessfuily with wood alone unless it is either employed i 
— excluded by the conditions given — or else arranged aceordin 
to some system which will impart the necessary strength a 
stiflrieas. 

" By the use of wood in combination with iron, couBiderablt 
spans may be occasionally dealt with to great advantage. Traa 
timber girders, as employed in bressummera, purlins, temporal} 
bridges, &c., are so well known that they scarcely require noticAJ 
but a cheap and very excellent light rafter, which baa not yal 
received the attention it deserves, may be constructed after muc" 
the same fashion. Rafters have two duties to jjerfor *" 
must transmit to the walls a stt^in in the direction of their le 
which is strictly comptessivii in as far as it affecta their a 
powers of endurance, and tliey must also sustain a transverse bI 
tendii^ to break them, and, in fact, precisely similar in its e~ 

a uniformly-distributed load upon a beam supported at b 
l-^ds. Bodies at rest upon inclined planes, such as the alatea npo 
■the- slope of u roo^ act upon tliem in a direction precisely at ri ~ 
% with the p\a,ne, and t\L~vvA 've W\« the transveisa h 
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Now, a very small scantling will suftic-e to resist a strain 
K the directioa of the length of the timber. The transverse 
10 easily dealt with, and iit ordinary roofa we tiad 
t either collar beams or purlins, ur both, must be introduce'l 
^render the structure strong enough to sustain its Load. Iti 
y flat roofs neither of these expedients can do much good, 
: beams especially becoming absolutely inapplicable. In 
cases it is perhaps better to abandon the use of all extra- 
aid, and enable each rafter to sustain its own bunion. This 
t easily be accomplished by applying a strap of common hoo]i 

I team end to end of the rafter. The strap must be put on 
kly, and strongly screwed to the rafter at each end. Two 
"1 bolta and nuts will answer better tlian wood screws. Struts 

Sipoaed of small blucka of hard wood must then be inteT{iosud 
jon band and the nnder aide of the rafter These 

II not require to be very deep, and so head room may be saved. 
) Wocks, by being forced into their places, will, if property 

1, camber up the rafter, or impart to it a curve, the amount 

■which may be esisily regulated at the will of the architect. Such 

e would prove very troublesome if slates were used to cover 

B roof i hut for exceedingly light structures slates cannot be 

ployed, and with felt, or very thin sheet metal, this camber is 

X useful than hurtful. Excellent hoop iron can be obtained 

-where at moderate prices, and it is so easily applied, weighs 

E little, and answers such an excellent purpose, that it is aome- 

Wt remarkable that it is not more freely used in modem arcbi- 

y its aid it is certainly possible tu reduce timber roofs 

l&s extreme limit of weight, while the ease with which it can 

Ebandlod, and the non-necessity for heavy tools or skilled labour 

mUe manipulation, render its use extremely inexpensive." 

B]78. Among other details on the construction of buildings we 

J the following practical article on ron/s and arc/ies by a cup- 

" Jilt of the Building Neirs : — 

^The Pamllelogmm of Forcaa. — You will admit, Mr. Editor, 

J Bound practice is based upon correct theory— that the furuiet 

"t aufier if the latter be false. I wish, with your permission, 

Etabmit a few remarks upon the commonly recaivcd theory of 

'parallelogram of forces' as applied to measuring the resist- 

Htioins, and degree of stability of the parts at a-VoSiSso.^ 
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diowing the results obtained by it to bu very incorrect j ami to 
give, instead, a simple rule nhioh caa be used equallj well fix 
rnofe, cantilevers, trussea, aroliea of every form, stability of nafl 
and piere, suapeiision chains, &o., measuring correctly the 
forces of each ; the rule being deduced from Esperimenlu m 
class. 

" My atteulioii M'aa drawn to the subject by a Inller ii 
Methanka' Mugamie, Fob. I3th, 18C3, upon 'Funicular Actiui' 
— as the writer styled it — in which he brought forward iDatanew 
of the marked failure of arches, wires c " " 

and conatructioD of a triangular outline generally, and said thtt 
there must have been something wrong in the principle' 
which they had been conatriicted, or the ftiiliires would m 
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■ AC, CE is 10 cwt. each, and the strain on the tie or the 

1 Bach wall is represented by FG, 8 cwt It is very 

lent that PG is always less than YD ; and, tharefore (if the 

wry he true), the hoiizontal strain ia always less than the dead 

ight of the roof; whereas, by experiment with a model for testing 

D strains of a roof at different inclinations, a horizontal strain 

h greater than the actual weight of the roof was obtained at 

r pitches. Let any one who may be sceptical on this point 

t a weight to the centre of a stick, tie a string to one end, and, 

g the other end of the stick on some convenient part of his 

\Ay {making hia body the fulcrum), let him by pulhng horiaon- 

Bly at the string, keep the stick first at a high pitch, and a,fter- 

'i at a low one, and he wiU note the much greater pressure 

ll his body, and the much greater force with which he haa to 

1 the string, at low pitches. 

"S'ig. 24. — "We may suppose the roof ACB to act as a double 
^er, A and E being the fulcra upon which the levers AC, EC 
tre s tendency to turn, the pressure of one inwards counter- 
" inofld by that of the other. Saw supposing half of the roof 
CDE iaksn away, a line fixed at C, and a horizontal strain ap- 
plied at E sufficient to keep the half-roof AC in its original posi- 
tion, this attain wiU be equal to the horiMntal pressure of CB at 
C, it will be carried down CA, and be counterbalanced by the 
tefiistancB o£ the tie-rod or wall (as the case may be) in the oppo- 
site (iiroction. 

" The hcaifontal effect of AG ia represented by AF, and the 

Vertical effect of AC by AE, so that it resolves itself into the 

angular lever EAF, with the weight at F, and the power at E. 

Let ( = horiaintal thrust, 

W = weight of roof, 

— = weight of half-rooli 

< AF, aud KA = CD ; 






_W s 



AF = 



n the direction af AC = 



i 
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That ia, the homontal thrust of a, roof is equal to one-fourth 
weight multiplied by half the span, divided by the height. 

" Tlie formula was tested viith every variety of pitch from ' 
deg., a rise of 1 vertical in — horizontal, to 4 deg., a rise of 1 
14, and it gave results in eaclk case approximating very closely 
the calculations. 

"Taking four roofe of equal span and different pitches, 
allowing for diminished weight of roof as the height is lessei 
the following table gives the comparative thrusts : — 



So that the actual weights being the same, the strong 
having a pitch of 1 in 2, is one-fourth less than that of 1 in 1^ 
the strength of 1 in 3 is two-fifths less than 1 in 1 J ; that of 1 
in 5 is two-thirds less than 1 in l^, the trusses having the saint 
scantlings in each case. It will thus he seen that, below an angla 
of 36 deg., a pitch of 1 vertical in 1-J- horizontal, the thrast it 
creases and the strength diminishes in a far greater ratio thait 
the weight of the roof diminiahes. 

" The inducement for using low pitches ia greater in 
large span on account of the apparent difficulty of f 
though this expedient would hardly be resorted to, were the gi 
consequent reduction of strength known, 

" (2.) In cuitilevers for galleries and balconies tliu same prinev 
pie holds good. Example — In a gallery 5 ft, vride, and 8 ft. 
from centre to centre of cantileTcrs which are 1 ft. deep ; required 
the strain upon the wall at l^- cwt. per foot superficial Here 1 
the centre of gravity would he 2^ fL from the wall (supposii^ I 
till? weight equally distributed), and the dead weight 60 cwt 

Horizontal atrftin on wbU = j — - = 150 cwt = 7 tons 10 owt 

[ " The horizontal strain would be only one-fourth this, 01 3Ifa 
I cwt, if the«uitileveTwere4ft.deep; thos increasing the stieiigM 

jjfour ttmea, M 
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"(3.) Fig. 25. — In archea the same course of reasoning holds 
good. The voussoirs perform the duty of carrying the weight 
from the crown to the springing without failure at any point, 
and, as we are only at present to take notice of the crown and 
springing, we may consider the half-arch as one solid block, in 
giving a rule for finding the horizontal thiast. As in the roo^ 
the thrust of one haK the arch connterhalanceii that of the other 
lialf at the apex ; if we fix a line at C, the horizontal strain along 
CE necessary to keep the arch in its place will be equal to the 
Opposing force of the other half, will be carried down CA to the 
springing, and be equal to the horizontal resistance of the pier in 
the opposite direction. 

"The weight of the half arch is concentrated at the centre of 
gravity G, and acts vertically with the leverage AF, the thrust 
;din)inisliing be the height EA increases ; so that EAF repi'esents 
ail angular lever, the fulcrum being at A, power applied at E, and 
m^ht at F. 

Let 1 ^ liorizontal thrust, 
W 
„- = weight of half the arch ; 



i, the thrust of the arch upon each pier is equal to half the 
f the arch, multiplied by the projection of the centre of 
r beyond the springing, divided by the height of the ex- 
f above the springing. 

is thrust ia resisted by the pier HIA, 
X ^ width of pier necessary, 
I ^ HK ^ the diatanoe of centre of gravity J from tho outer 



f the pier opposed to the thrust af the aroli, 
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" The following table shows the results of experimenU given i 
Gwilt's ' Encyclopiedia,' compared with the results of calciilaljol 
by the fornida just given r — 

Width or pi 
Gwilt's Description of arch, Elpetinmnt. Calculation. 

Psge 404 Flat akewbock U 

„ 407 Sumicircnlur 6'SG 

Ditto 



403 



ited) 



17 



Ditto {snrbased) 

The rule applies equally to arches of every description ot 
the centre of gravity being detenuined by the shape of the 

"(I) Fig. 36. — To calculate the effect of a auperincomboi 
weight in increasing the thrust of the arch. 



= weight of w&ll-Bp&ce AHIJE, 



ight Bt eentre of gravity; 



Or let -r ^ weight of wttU-space IHLN, 
and ^ its centre of Bravity, 

. . ■*■ I'M 

then throat ^ -T- >• ffp, 



a added 



In both cases, the weight of the remaining wall-space 
the pier to help to resist the thrust. 

" As the thrust varies inversely as the height DC, it is erii 
that the higher the extrodoa of the arch ib carried wp the \ 
the less will be the thrust, the weight and intrados 
the same; especially if the horizontal courses are jointed veitii!^ 
(bonded in) with the vouasoita. 

"Fig. 25. — Alao, the thrust being proportional to the low; 
of the pitch CD, an arch of one-quarter the be^ht will haTB i 
times the tlirust, other things being equal 

" With regard to the compression on each voiissoir, in my i 
with a vertical springing, tlie lowest vouaaoir bears the *! 
weight of the arch, the conipreeaion being diminished at_ 
ciown to a force equal to the horizontal thrust at tlie 
(when not a pointed arch), 

" In a segmental arch, the compression at the »jirin| 
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t a pointed arch, SP represents the compreaaion at the 
Lvhen HO representa the liorizo-nta,! thrust. 

, as the compreasion at the spriDging is always greater 
b^at at the crown, in order to get the greatest strength with 
it waste of material (aa in iron arches), the arch should he 
r at the apringiag than at the crown. 

is-vaulting, there is far greater thrust than in coving, 
) the centre of gravity ptojetts much farther from the 

I vaulting if the arches are filled up to the haouchea, 
e made stronger, while there ia no extra thrust from the 
weight, as the centre of gravity is thoa brought nearer 
I springing. 

Tlperimenta on easpenaion -chains of different spans and 

fe supply an additional verification of the rule ; hut thin part 

■ subject can be very safely left with the civil engineer. 

I faring this sufaject to a close : — It will be seen that, 

fliout, there has been one guiding prineipla GwiJt says, 

' Eneyclopffidia ' — 'An acquaintance with the method of 

J the centres of gravity ia indispensable in estimating the 

Bices, strains, and degree of stability of any part of an edi- 

ITet, in no case has he acted upon the principle, but, in 

■and vaolts, for inatance, has given a formula (based upon 

dlelogram of forces) which is far too complicated for one 

p think of using. 

IT Biniple, however, the whole questioa becomes hy using 

mtre of gravity as a basis for estimating the various forces," 

J the auhject of roofs, a most unexpected loss of 

h. is manifested by experiment when the tie-rod is cambered 

eat extent. It ia quite legitimate to obviate the appear- 

t Bagging by cambering the tie to a shght extent ; but 

' I cambered haK the height of the truss — as in some 

_, published in Laston's ' Working Details,' which has 

8 only half the strength which it would have with a horizontal 

^he extra headway hardly compensates for the extra amount 

C material necessaiy, 

"Pig. 27. — It has been proved that the strain on the horizon- 

,bll tie-rod of a roof ia equal to one-fourth the weight multi^ilied. 

AmU) divided fay DC. Let the tie-rod \)e caiiAK,te;\ b& K^&2>s 
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the Btrain upon AKR will be just the eame as if if 
Let G be the centre of AC, draw GHF and AI Tertical^ 
perpendicular to AK, aad EC parallel to AK . fieasonii 
before, let a line be fixed at C and a straia applied at E 
reetioa paraUel to AK, th ia strain will be carried down CAi 
counterhulanca that on AK in an opposite direction. The w 
of the half-roof being concentrated at the centre of gravity Q 



Fig. 27. 




horizontal effect of AG is represented by AF, and the effoi 
the direction CE by AE ; EAF ia an angular lever with the p< 



applied at E i 



ight at F. 
Let S = atraiii on AK, 
— = weight of half-roof; 

thenSxEA = ^XAF. 
„ W^AF 



Mow, it conld easily be proved the triangle EAI is B 
triangle AHF, and that 



and therefore 8 = 
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So that the Btrain upon the tie-rod is equal to one-fourth the 
weight, multiplied by ATC, divided by CK. It ia very evident 
that the higher K is the longer AK becomes, and the Bhorter CK, 
both thus tending to weaken the roof. 



" The following are s, 


'ew of the experiments made : — 
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" The weight of roof in eaiih case was 2 Ih. 
" It will he seen, on comparing the strain on the oamhered tie 
with the horizontal strain in the same hractet, that the former is 
twice, or even three tiraea the latter, when the span and height 
and weight of roof were the same. It has also been proved that 
the strain on AK ia determined simply and solely by the propor- 
tions of the sides of the triangle ACE, and not by the side of the 
angle OAK or its tangent; so that (fig. 28) the tie-rods of the 
four trusses hear the same strain, when the ties and king-posts 
are of the same length — in the first, the king-post being in ten- 
tdon; in the third and fourth, in couipresaion. 

" Fig. 29. — In a truss with a curved rib and curved tie-rod— 
as in the London, Chatham, and Dover Eailway at Victoria Sta- 
tion — make AE, AH, tangents to the curves at A, anil IE paral- 
(to AH. 
L Theaatrain on carved tie at A = -:5 ^ CK' 

■ .^ . . -W AE 

f eompression on no at spniiging = -5 X-^ ■ 

Nidien DK is one-fourth the height DC, there is nearly one-third 
more strain, and nearly one-fourth more compression, than with 
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" With regard to tho compreaaion on the principal of a root 
is not nniform, as might at first be supposed; and the formnh 
given in the preceding article for the compression is not corrett 
In a heam placed upright, it is evident that the bottom besn 
the whole weight of the beam, and the top nothing, so lhii\ to 
hear its own weight in the best way, the bottom should be of 
greater sectional area than the top. Similarly, in a tru^ Uie 
weight is uniformly distrihated over the principal, and (fig. SO] 
he compression on A ia represented hy the weight of half the 
3a{, with an additional weight due to the triangulatiou of finvM 
while the compression is reduced at C to a certain proportion 
the horizontal strain only. 

Horizontal strain on AB ^ -j- x y7]> 

irompcesaion on AC at A ^ jp x jti. 

^ ^ W AO 
compreaaon on AC at C ^ "t" X fpi 

that there being a greater weight preasing at A than at G, 
the principal should have a considetahly greater sectional area il 
the wall-plate than at the ridge. 

" The truss ADMB, fig. 30, has the same strength a 
ACB, both being contained in the same triangle, and proved bf 
ixperiment; while, in the former, leas material is used. 

" The parallelogram of forces, if put in the proper poeiticn' 
tiz., at the ridge, is applicable in measuring the strain upon 
horizontal tie only. If a person fix a line to some i 
object, and pull with a force nf 10 lb., there must be a force 
10 lb. at the other end to maintain the equilibrium; just as 
there were a person at each end pulling with a force of 10 Ibi 
The same holds good with compression. 

Fig. 30. — Now, let CUTK represent the parallelogram of fon 
properly placed. The load at C ia equal to half the weight 
the roo^ represented hy Cfi ; one-half of this half is carried dOT 
I CI, and the other half down CK. There being a pressure 
L one-fourth the weight at each end of CI, CK, and the presui 
".6 enda at C counterbalancing each other, there remainei 
I force of one-fourth the weight at I and K, giving a W 
"W 
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^^^Kery diS'srent results are given by taking DEFG aathe paral 
^^^pam ; fur, in this Citse, tke horizoDtal strain is represented by 

I^Tx -—; and as FG is nearly equal to FD at low pitches, this 

would intimate that the horiiontal atraina vary little at low 
pitches; experiment shovring the very reverse of this — viz., that 
the strain increases in the eame proportion as the pitch is di- 
minished. 

" Though the parallelogram of forces may be correctly intro- 
daced whea there is a horizontal tie, it is not possible so to do 
when there ia a cambered tie as AKB, tig. 27, where there is no 
altemELtive hat to use the triangle of forces ACK as a basis for 
the calculations, the vertical line CK always representing the 
unit" 

79. The jwactical engineer is frequently called upon to carry 
out erections involving the application of the best modes of ae- 
cnring firm foundations. In the following paper, entitled. On 
Foundatiom fitr CItirrmeya, Blast Fumacee, Heavy Mnehinery, ^c, 
by Mr, Jeremiah Head, Engineer, Stockton-on-Tees, will be found 
much that is practically valuable on the subject. We are indebted 
for it to the pages of the " Pmctical Mechanics' JoumiJ : " — 

" Large works, such as blast furnace^ rolling mills, &c., are 
generaUy sought to he erected, otbar things being equal, on the 
banks of a navigable river. The advantage of a private wharf 
is the reason for preference given to such sites. 

"The Clyde, l^ne. Wear, Tees, Humber, Thames, Avon, and 
Mersey, have each of them their banks studded more or less with 
manufactories. Most of these works have erections requiring 
sound and immovable foundations, as, for ini^tance, taU chimneys, 
fbmaces, and heavy machinery, and it frequently happens that 
the bants of rivers afford only the very worst of foundations. 

" Take the Tees, for instance, the heart of the Cleveland dia- 
fanct, and the banks of which are becoming rapidly disposed of 
BS sites for various ironworks. The south bank consists mostly 
of an estensive flat marsh, in many parts as much as 4 feet 
below the level of spring tides, which are kept in check by an I 

artificial bank. A section of the Gtiata g^vaa UBe.3.\\^ a. (:;cw^ 'A M 
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4 or 5 feet of alluvial clay, in all probability gradually depa 
by floods from the rivet. Below the clay we have from 5 | 
upwards of peat, containing trunks o£ trees which 1: 
other days. Below that again, down to from 20 to 30 fee^j 
Fig. 31, 
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find a soft bluish silt, incapable of affording a foundation. At 
20 to 30 feet there is often either good clay or a hard sand, either 
of which are sufficient to satisfy tho moat fastidious engineer. 

" It is, then, from this depth, of from 30 to 30 foet, that we 
must support our fabrit 

" There are two ways commonly in vogue for obtaining a foun- 
dation from this substratum. The one is to excavate down to 
it, ani fill up entirely or partly witi solid concrete {see fig. 31), 
the other is to pUe (see fig. 32). 

"Both these methods are attended with disadvantages. In the 
former, the ground in the above-named locality is, as vulgarly 
termed, ' rotten' to such a degree, that a batter of one to one is 
necessaiy to prevent land slips, and should it be th nte 
season, even this is insufficient. This is supposing tl t a f un 
datiou of, say, not less than 25 feet diameter upon th ub trat m 
as for a chimney is necessary. If that substrat m b C f t 
below the surfiice, the excavation must be 20 + 20 -|- 5 o 
65 feet diameter at the top, which gives about 3^ tmi th lid 
content of what would be necessary if we conhl m k th ca 
Tation 35 feet at the top, and dig perpendicnlarly d n w tli t 
batter. 

" If the excavation is filled up with solid concrtt th re th 
drawback of the expense of 3 J times as much as is actually neces- 
sary, as the overhanging parts, a a, fig. 31, take a bearing only on 
the ' rotten ' soil, which we suppose at storting is not to be 
trusted. 

" And if we build a solid cylinder of concrete, equal in area 
to the bottom of the excavation, and with perpendicular sides, 
then soil must be filled in aU rou^nd, doubling the account fir 
excavation of the parts a a, or in figures making it 3^ less, I = 
2j X 2 ^ 5 times the content of the aohd cylinder b, i.e., five 
times more than is necessary. 

" And yet we cannot get the 25 feet circle upon the solid snli- 
Btratum without all this extra labour upon this system. Another 
objection is the form of this kind of foundation. According to 
all mechanical principles the biiae of any structure should be the 
broadest part, the work gradually narrowing as it ascends, like a 
basin with its open side downwards, 

I thia plflD, from the diftculty io BXQ&Nq.^ia^ S». wwj 
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other way, tbe foundation has to assume the form of a basis niilh 
its open side upwards, and hence shonld there he any irregularis 
if weight, or position of thn auperstruoture, there could hardly bt 
. worse form to resist a tendency to roIL Piling, which is the 
method of eeuuring a good foundation, generally preferred in 
cases, is liable to the following objections, viz. : — 

" lat — It is very expenaiva, and if tbe piles are required of a 
greater length than about 35 feet, they are often difficult to ob- 
tain at any price. 

—If the pile-heada project above the surface they m 
liable to decay at the surface line. If the concrete, usually placed 
about their beads and crowntrees to keep them in positioiii be 
upon rotten ground, as in the case assumed, it frequently subsides, 
tearing itself away from the crowntrees, and leaving the pile-beada 
liable to decay, 

" K flues, kilns, or stoves pass near them, the crowntrees a 
apt to get charred or burned, letting down the euperatnictureai 
I of several air-stoves, for blast-fumaoea, being rebuilt 
from this cause, has lately come nnder the writer's notice. 

" To obviate these difficulties, the writer would submit a plan 
which he has patented, and believes to be new, having never 
in or heard of it before, 
"Although it is not practicable to dig down 20 feet in 'rotten' 
ground, to obtain a circle of 2-6 feet diameter, and upwarda, with- 
out allowing so much batter as to increase the cost of excavation 
most materially ; it has been found by experiment perfectly pos- 
sible to sink a well oi^ say 6 to 8 feet diameter, perpendicrfariy 
down to that depth, without any fear of land ahpa. 

"The circle is so small that the surrounding strata, presnng 

jether, feel the resistance of the arch form, and neutraliae ona 

another. 

" It is proposed, then, to take advantage of this fact, to make 
the foundations of a series of wells, dug one by one, in order to 
keep the work perfectly under control, and filled up with concrete 
or slag walling, i.e., rough rubhle walling, formed with lumps of 
iblftst-fumace slag, a material greatly abounding in the aboTS 
Tocfllity. If a greater depth than 24 feet, or if the nature of the 
ratum renders it necessary at a less depth, it ia reeonunended 
' B the wellB aqviKK, 'v\t\i. Wo ^\aA^ &t each comei^ plated 
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mj, each taking a side of the comer; these planks to be I 
ted at intervalB in the depth; they are to !« hammered down I 
e work proceeds, and drawn out as the concrete rises. 
)diate stage, with an extra, hand upon it, will lift all the soil I 
1 to a depth o^ say 12 feet, below which a jack-reli atfd I 
eta will be necessary. Wear the bottom it is recommended I 
iden the base of the excavation slightly, in order to increase I 
looting of the concrete pillar. It is obvious, that by this I 

instead of the foundation being firmest under the centre of 1 
ihimney, or other structure, forming a pivot upon which it I 
t tend to work, the concrete pillars may be disposed mc 
amers, forming a spreading base, whicb is the desired end 

rhe platform on which to commence building would, on this 
B^ be formed also of concrete or slag walling, say five feet 
lOd moulded in the fallowing manner : — The wells having 
Ded up to A, fig. 33, within, say 6 or 8 feet of the base 
the structure, they would then be widened out, working 
round section into a square one, if a round section has J 
[opted. The intermediate soil must then be cut into tha 1 
'. the soffit of a ground arch, and the concrete made up tu I 
md line in the form shown in fig. 33. 
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iride-aprtaJ base, ami minimnm cost, possesses the very great one 
of being formed only of imperifihable matertaU. 

" "We will now compare the costs of foundationB on the threa 
different plana for a chimney, say 500 tone in weight, where tba 
aubstratum was 20 feet deep, 

1st — Solid Concrete Fookdation, 26 feet diameter at Iiottoni, 6E tat 

at top, and SO feet deep — (fig. SI.) 
EicaTstion, 1,272 cubic yirdB, at 71ii, . £S9 IG 

Cylinder of concrete, 2S feet diameter and 20 feet deep, 

SBSoubicyarda, at 38. 6d., . . . 63 10 8 

1,272— 888:^908 cubic yards, atTJd.. forfUlinguproimd 

concrete, , . . , . . 28 

Pumping, eay, . . . . .£0 

£lfil i fl 
£4S D 



2d— Pn,E FOUHOATIOK— (fig. 32.) 
IS piles, 30 feet Ioqk, bC Sa, each diiver, 
Crowntrees, 3S0 feet long, at 28., 
3 planking ayertapa, 1,060 feet, at 4d., 
Excavation, S74 yards, at7iil, . 
Concrete, 182 yards, at 39. 3d., . 

Use of pile driver, say. 



8 11 3 
81 17 
10 



" If the under crowntrees alone were whole timbera, and tin 
upper onea half timbera, 6 inches apart, thus forming the plat- 
form, and doing away with three inches planking, a belt* 
wonld be made, but the coBt, ;£iii, 

3d — Arched Foe SDATION — (Sg. 33.) 
9 wells, S teat diameter, each 21 cubic yards, platform SO 
re and B feet deep, say 800 yards of excaTution, 



It rlTr 

300 f ajds of coQcrete or slag walling. 
Pumping, say at Ss. 6d., . 
Labonr for jack-coll, say. 



"It thus appears that the arched system, besides the adrui- 
"" T mechanical form and imperishability, would ooati 
~, little moie than half as much as dther of' 



LOR. Bach.} 
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" In some cases it may be. advisable to carry out the same 
principle by excavatiiijr in deep trenches, either in straight lines or 
in circles, and filling up and arching over, aa OKplained above. An 
annular excavation, with, perhaps, a single massive pillar in the 
middle, is particularly recommended where there is not room for 
an extended base on pillars, aa, for instance, two or more blast- 
furnaces close together. The excaTation while in progress is 
strutted from aide to aide to prevent it falling in, and is filled up 
with concrete or slag walling aa it advoneee." 



■ DIVISrON T'WELFTH. 

AGElCULTmUL MACHINERY. 

80. It is difficult to over-eatimate the importance of agriculturR 
viewed as one of the sources of a nation's wealth and well-being. 
It has been well called the " nursing mother of all the arts," and 
there ia probably no better standard by which to judge of the rank 
of any nation in the acale of civilization than the point to which its 
practice baa been reached by its people and the estimate in which 
it ia held among them. Claiming, as we thus do, so high a posi- 
tion for the art or science, it may be conceived by some thnt we 
claim too much for it ; but when we consider that it is in truth 
the mainstay of a people, the means by which they are supported 
in the happy times of peace, or by which they can aucceaafully 
wear out the drearj- ones of war ; when we see, that of all other 
sciences it is that which brings a man nearest the Divine Author 
of bia being, and shows him the wondera of his working and the 
evidences of bis care, we perceive such a worth and dignity in 
it that we think we have not claimed enough. If, then, the 
position which we have above atated is in some meaaure, if not 
wholly, correct, we think that a glance at the present position 
which agriculture oecupiea amongat ua apeaka favourably for na 
as a nation. Contrasting it with that which it occupied at the 
thinning of the present century, we have much reaaon to he 
Abundantly satisfied with it. Groping in the dark, unaided by 
tixB lights of science, farmers of that period groped. ekroV^ wcA, 
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unsucoaaafully. proving in almostall they did that, away from 
the guidance of correct principled, there is always a greater Uto 
deney to go in tlie wrong than to keep in the right way. Stum- 
bling along in tiuAt uncertain path they, figuratively speaking M 
ofttimea into the ditch, not, like the philoaopher of old, b 
they were looking upwards or onwarda for the guiding star, bat 
rather because they believed that there was no guiding star needed 
by them at nil. In the power of their prejudice and with their 
preconceived notions they stood, and standing atill waa theii lot 
for long time, But the timea of movement came, and partly tj 
a stirring of a right principle from within and partly from * 
preBsnre of circumstances from without, the movement onwarf 
was aa rapid as it was fortunately in the right direction. Chemta- 
try began to ofiec its aid to farmmg, and wresting £'om Ifaton 
some of her rarest secrets applied them with marvellona reaaUi 
to its every-day practice, The science of mechanics and Bngillee^ 
ing laid also its richest treasures at its feet, and helped its progieu 
mightily ; and now, in place of the valley of dry bonea which 
the prophet of half a century ago might have witnessed with voe^ 
we now gaze witji gladness around us on an exceeding great at 
of living men animated with an ardent desire to claim new 
tories and to win fresh laurels in the wide and evei-widei 
field of agricultural progt^as. 

It would be easy, if it were necessary, to descant upon ths im* 
portant part mechanism has played in that sure and rapid fa^ 
thering of agricultural progi'eaa which we have just glanced it} 
but thia ia not necessary, so abundant are the evidences of it 
everywhere surrounding us. But we may be permitted to allada 
to the significant suggeativaneas of the circumstance, that iT^ 
twenty or thirty years ago a course of papers on agricultural n* 
chines had been written, two or three might have exhaostttl 
their notice, so few were they in number, while so rapidly hliw 
they increased of kte years, and to aueh an importance 1 
they attained, that it would take a large volume to contain eveD> 
brief notices of their leading features and details merely, 
rudimentary iniplementa — if we may so term them — of the Sj 
. tha plough, and the harrow, a great number of others have bi 
ed, and machines of cemplicated structure are umiDg il 
,,W4 JUflj truly fay succeeding, in many instances, i] 
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high efficiency in. inipurtant procfleaes, are now daily claiming the 
notice and aiding in the laboora of the farmer. Steam, too, has 
lent her mighty aid, and from cutting the roots, grimiing the 
com, or preparing it for market, she has recently, and with her 
Oanal power and her usual sucoesa, dragged the plough, and bids 
tail to revolutionize the practice of the field as she has already 
done that of the bam and of the fold. 

SI. From what has been said, then, it is obvious that our space 
prsvents us from giving anything liJte a systematic arrangement 
of subjects under this Division ; nor is this necessary, our duty 
being simply to glance at the leading features of the experience 
of the year we are recording. The great, nay, the principal feature 
of each succeeding year, so far as the progress of agricultural 
madiineiy is concerned, is the S/wo of the Royal Ai/rieallural 
Society of England. This calls forth the beat efforts of our i^ri- 
culturai machinists, and it is at the exhibitions of this most im- 
portaitt Society that the novelties of the year are displayed, as 
trell as those improvements which have been made in older and 
esteemed forms of machines or implements. The following is an 
extract from the Times, giving the leading features of the show 
held at Kewcastle-on-Tyne in 186-1 : — 

" A glance at the array of coughing engines aoA gliding iraple- 
menta tells ua that the old notion of a Locomotive dragging a 
plongfa at its taU is completely exploded, and we perceive no 
longer any attempt to embody in mechanical parts that other and 
more philosophical idea of a locomotive delving the soil by re- 
volving blades. Locomotives, to be sure, are to be seen pacing 
along the farm roads, uplnll and do-wnhill, and turning through 
awkward gateways ; but these are either the steam-plough engines 
■when travelling from one plot of work to another, with their 
Apparatus and implements forming a train behind, or else portable 
tbiashing machines, like those of Mr. Aveling & Co., of Eoohes- 
ter, which dispense with horses in shifting from one farmyard to 
Buother. By-the-hy, this now important class of agricuUnral 
(octHnotives has been hitherto excluded from the prize-sheets ol 
bbe Society ; but if there be value in one machine that displaces 
% portion of the farmer's teams, there must be reason in offering 
1 trial and a prize to another which might accomplish a farther 
g^ hocaes aad horie-keep. 



ifil ESGINEEEING FACTS. [Dn. 

" Steam tillage at present cooiiiiitij in a eteani-etigiae (or two oi 
tliera), either stationary at one side or comet of tbe field, or e 
iug at intervals along the lieadlanil, haulin^j an implemei 
by means of a wire rope, or a sulistitnto for it. For the 1 
prizes of £100 and £50 offered for the ' best application of s( 
power to the cultiration of the soil,' there are five 

in competition, and the opening trial of Wednesday ti 
r performances in or-iinary turn-over ploughing upon a •__ 
of two-year-old Eeeda. Mr. Fowler's 1 4-horse engine, with cli] 
drum under the boiler, a travelling anchorage pulley at the oppoaii 
headland, and a four-furrow balance plough (the old form of a] 
pamtua that has been eo often described), made some good v 
at a depth of six inches, the rate of performance being about fiv 
acres per day of ten hours, and the coal burnt, 214 lb, per a 
The hands engaged were three men and two lads. 

" It will be remembered that last year both Mr, Fowler a 
Messrs. Savory introduced the system of two engines, o 
end of the furrow, in place of a single engine and andioii 
pulley, and these engines hauled the implement and rested alto 
nately, coiling the rope upon drums, and so requiring only a ain^ 
length of rope out at once, Tlie noTelty at the present me 
is the employment of ' turn ' engines — that is, two engines p 
as "before, one at each end of the work, but both almultaneousi 
liauling the implement. It is evident that if this plan e 
it will reduce the power, weight, and prime cost of the engi 
something lilce one-hiilf — that is, if a couple of light T-horao ei 
gines will accomplish the same breadth of work per day a 
heavy li-horae engines did, or if a couple of still lighter fi-hon 
engines will execute as much work as two lO-horae engines d 
we shall aave a great outlay, while amazingly facilitating the tr 
port of our machinery over a soft and sticky country ; and H 
employers of the steara-plongh who have had experience of Ij 
pai'atus requiring to be taken up and again set down at e 
time of removal &om one field to another, wiU appreciate tl 
advantages of machinery which will steam out of a field ti ' ' 
a few minutes after finishing work, and tlirnst its shares inta tl 
nest field in an equally abort time after arriving at the spot 
:ordingJy, Mr. Fowler's second set of apparatus conaiata of tl 
I T-hvaao engiate (with, locomotive action and eteentgo for ti 
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from place to placo), weigliing about seven tons each, placed upon 

opposite headlands, with an. endless rope passing one-half tnm 

roimd eacli of the clip drums attached in the ordinary mannei 

below the engine-boilera. Thus, both engines grip and pull the 

rope simultaneously, always exerting their power in haulage, while 

alternately aerTing as anchored puUeya to eaeh other. Though 

the enginea have but single cylinders, there appeal's to be no 

difficulty in starting, stopping, and working both together, the 

I MTersing being inatantaneoualy accompiished by the link-motion 

ffii:pan9ioii gear. The peGUliarity in their construction is that the 

< , cylinder (steam-jacketed) is attached to a high steam dome towards 

I tiie sraokebox end of the ordinary tubular boiler, thus, without a 

I fitoam pipe, taking the steam 'dry.' This, with the working prea- 

saie u£95 to 100 or more lbs. the square inch, and a high number 

of revolutions per minute, will aceonnt for the surprising perform - 

aiice of these engines, having single cylinders of only 8^ inch 

■ diameter and 13 inches etroka Driving four furrows at once, 

1 8i inches deep in a strong loam, these engines ploughed at the 

' late of nearly eight acres per day of 10 hours, with a consumption 

I of only 188 lb. of coal per acre. The bands engt^ed were three 

' jaen and two lads, as in the other set of apx)aratus. 

"Messrs. Savory's IS-horse engine is of very peculiar conatruc- 

Ijon. Two coiling-drums of laz^e diameter and ring-shaped, 

without radial atma or centres, encompass the boiler, each being 

hung upon three pairs of friction-wheels. The engine crank- 

I abaft is placed horizontally along the boiler-Bide, passing through 

(both drums, and driving each by means of a pinion gearing with 
liatemal teeth inside the drum periphery. The two steam cylin- 
i*dtta are attached to the fire-box, one above, the other underneath 
I the boiler, and so inclined at right angles to each other that their 
, ponnecting-rods lay hold of a single crank upon the crank-shaft 
t<3w£3re mentioned. Aa the drums alternately wind up and pay 
LIOBt the rope (which makes two or more layers of coil upon the 
Mram^ a peculiar to-and-fro motion of guide-rollers is employed 
OQamgulating the proper wrapping of the coils; and this is effected 
^by an arrangement of levers, endleaa worms, and slowly-rotating 
{leartehaped grooves orcaroa. On the opposite headland Messrs, 
SftTory paaa the rope round an anchorage pulley on Mr. Powler's 
The plough used ia that of Messra. B.Q'fittti. Taa Nw^i 
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sets of ploughs (facing each othur point to point) ace not lialaniMi 
upon a single frame, as in Mr. Fowler'a implement, but a 
two aeparate lover frames, which are aupportod when out of wod 
by coiled springs, and when in work are held down to the nuf^ 
oafriage frame by a catch recently introduced. By this imprwe 
ment the tendency of the apricgs and of the weight of one se 
(if plonghs to lift the other set out of work is overcome. WhaB 
water furrows exiat the four wheels of this plough, enable it ti 
pass over without, jumping out of work, as ploughs upon a singlil 
pair of wheels are apt to do. But one merit of steam onltun il 
that it levels ridge and furrow even on the wettest soils whei 
it is adopted— four furrows at once, 7 inchea deep, wore exoew 
ingly well cut, turned, and laid, thu rate of work being 6| scp 
jjer day of 10 hours, and the consumption of coal 320 lb, p 
acre. The hands engaged were two men and two lads. 

" In another field of old lea were two other competitoi^ H 
Steevens and Messrs. Garrett. Mr. Steevena uses two IS-bon 
power engines, one on each headland, aiteniately -winding si 
paying out a single length of rope. The implement has t'a 
sets of ploughs upon separate lever Iraraeo, raised c 
by a paraUol motion, the carriage frame having a largo pair I 
wheels in the middle, and two smaller wheels at the Mda ~" 
work done on this occasion was broken, and inferior to ft 
performances of the implement — in some degree owing lo tl 
too rapid pace at which it was ilrivea 

" Messna. Garrett used the same engines, which are of tfe 
manufacture, upon Messrs. Savory's principle. Each boiler I 
surrounded by a very broad shell drum, mounted upon iJu 
pairs of friction- wli eels, the dram being of 7 feet diameter, ■ 
holding SOO yards length of rope with only a single layer of od 
The two steam cyHiiders are placed at right angles, ona a 
tlie other below the boiler, as in Messrs. Savory's other rm 
"y alluded to, and they have only one crank and one n 
' eccentrics. The weight of the engine is 10 or 11 tM 
I. Howard's four-furrow plough was used, making exeellfi 
though the pace — 3} miles per hour, and sometitDee ms 
;ixi rapid. The rate of work was about 9 MB 
) hours, and the consumption of coal 25< Iba f 
'a Giogai^^ Nj«,t« ^JovM meo. ariul oae loL . 
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"Messrs. Howard do not enter the lists in this class, not 
liaving quite completed their new engines and liauling gear; and 
Mr, Collinson Hall haa withdrawn his apparatus, owing to an 
imperfection in tlie mechanism, the engines having been finished 
too late for admitting of trial before the show. This is to be 
regretted, seeing that a new principle is involved in this appa 
ratus. Twiu engines are employed of only S-horae power each, 
but worked up to 100 lbs. or 120 lbs. pressure, the weight less 
than foar tons each, and the front wheels so placed that the 
engine can turn round in a space of doable its own length. In- 
stead of a wire rope, Mr. TTall uses a steel chain, made of ^inch 
round bars, connected by plates and rivets, this passing half a 
turn round a polygonal drum under each boiler. It appears that 
every difficulty in the working of this chain haa been overcome, 
and the inventor maintains that in the point of durability it is 
iinm.ensely superior to the wire ropa 

" In the class of steam cultivating machinery, ' adapted fur 
small occupations,' the competition has virtually lain between 
three aetd of apparatus. Messrs. Richardson's engine, with steel 
boiler, and Allen's patent cylinder (which promises to he a great 
improvement in portable engines), did not enter into trial; and 
Messrs. Coleman and Morton have been very unfortunate with 
tJieir system of working two implements simultaneously by one 
headland engine. Messrs. Howard use a 10-horse power double 
cylinder engine, stationed at one corner of the field, and driving 
awindlass by a connecting-shaft with universal joints ; the drums 
of the windlass alternately wind up and pay out their respective 
ropes, which pass round the field, the anchored pulleys being 
shifted as required hy manual labour. The compensating pnlley 
used last year maintains a degree of tension in the outgoing rope 
without sacrificing motive power. On Thursday the four-furrow 
plougb made splendid work at a depth of 7 inches, the rate being 
8i acres per day of 10 hours, and the consumption of coal 270 
lbs. per acre. The hands engaged were five men and two boys. 
Yesterday the same apparatus worked a to-and-fro cultivator 
with four broadsharod tires, thoroughly well smashing up a stiff, 
Wmy, lea ground, 8 or 9 inches deep, at the rate of 14^ acres 
per day of 10 hours, with a consumption of 194 lbs. of coal per 
acre, Mr. Fowler's common portable lQ-\w«aa ew^^Lft, ^■?'9^_ 
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B separate windlass, on the same plan esiiibited last year, plooghel 
at the rate of about 10 acres per day of 10 houra; but the m 
surprisiitg performance has been tbat of his single 7-horae ei 
gine, with anchorage and tliree-furrow implement, which n 
exceedingly ftne ploughing 7 inches deep, at the rate of 8\ tu 
per day of 10 hours, consuming only 135 lbs. of coal per a 
And yesterday, this little engine, working up to 100 lbs. presKMil 
broke up and lightly toaaed about aoil, to the depth of 8 o 
9 inches, at the rate of lit acres per day of 10 houra, bar 
only 95 lbs, of coal per acre. 

" Further testings of the several machines are in progress, h 
the general conclusion appears to be that great improvement ht 
been made in the construction of details, that the work done &t] 
surpasses that of laat year, while the power and capabilities flf 
the smaller and cheaper sets of tackle rival those of the hen^ 

d more costly. All this is good news for the farmer. 

" The old battle between the wheel and swing plooglu % 
been fonght again; the wheel plough has maintained ita anpe" 
place, and, of coarse, the great contest has been between. IpsDl 
and Bedford — whether Messrs. Eansome and Sims shall ■« 
laurels irom Messra. Howard, whose plough was the ciat^ q 
plement at the Newcastle meeting 18 years ago." 

82, As our readers are aware, the subject attracting the z 
attention of agricultural engineers at present is sinam eultun, \ 
fair resume of all, or, if not all, certainly the most important It 
of apparatus introduced to effect this economically, vfill be fom 
pp. 396 to i04, vol of FacU and Figures for 1863, to wbS" 
refer the reader Did space permit, we could give some geiieti 
marks aa to these various plans, and a revumi of the | 
upon which culture of the soil should be carried out, and W 
have of necessity a close beaming upon the pn^ress of n 
designed for this purpose — ignored, however, as this too ofU 
hut we content ourselves with here giving (from the "Mark fi 
Express ") a note on the present condition and the futui 
of steara culture, from the pen of a well-known authority :-^U 

" "We apprehend that for some years to come the chief d 

n farmers will be fur the email sets of steam cultivatis 
Granted that for a few veij large occupation*, for 
. fox letitin^ out, ^ii^ lot «ii.^«sc^i«i UodoW] 




AGHICULTURAL MACHINEKY. 359 

□re perfect tackle may be required; still, the great 

ifSy of tenant farmers, who have common Eteam engines at their 

md, will, we fancy, he content with the smaller seta. If, 

efore, it he asked how much prograas has been made in this 

IB since Leeds, we are sorry to aa.y that we have but little to re- 

A great number of details have been simplified, and many 

r improvem.entB introduced ; but as to any rapid stride, none 

liatever has been taken. Fowler's great success was with his 

engines at Newcastle, whichj of course, requirHd too great 

i outlay for him to compete with them for the ' small occupa- 

So for that prize he showed one of his new T-horse 

i8 with elip-drum and travelling anchor. Now, beyond the 

it that this new engine is a most admirable locomotive, and 

3 little fuel, we have, speaking generally, nothing more 

a we had at Worcester and Leeds. In fiict, the engine rather 

[ the taakle carried Fowler tO' the front in the ' smaU oocu- 

' Smith was absent, and Howard was pretty much the 

in the year 1861. It is necessary, however, to qualify 

^ by adding, that, by the introdu-ction of malleable cast-iron into 

f available part of the steam cultivating implements, greater 

nigth and durability have been secured, and the scarifier being 

"shed with extra prongs for more thoroughly disturbing the 

e of the soil, makes much batter work; yet these improve- 

B involve no new principle, or tend materially to lessen the 

n culture ; so those agriculturists who have been wait- 

■ and watching for something that should supersede all that 

It yet appeared, wUI prohably go ou waiting and watehing for 

EWst another three years before their caution will be re- 

1 with any discovery that will make tillage by steam very 

mt to what it is, or what it has been during the last ten 

^T^e giani power of steam can only he shown in real pcrfec- 
n a large scale. A 10-horse thrashing-machine could empty 
1 small farmer's rickyard in a few hours, and it is only on 
> s large holding that such an engine could find scope for its en- 
X fligies. And so, in steam ploughing, it is not wonderful that 
X ' the grand development of this new application should be found 
'p 'ta greater perfection in the laige system than the small. Any 
I^^M wIk) thoroughly watched the Sewcaable btie^ Kvaa^W-t^ «««& 
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that it was in the great class only that the real stjecglh and 
perfect development of steam power waa to "be found, 
smaller tackle it seemed cramped and confined, as if the motiva 
power wisbed to impress on us that it ' was born for greater thing&' 
We therefore look to the larger tackle for the most perfect, tl» 
cheapest, and the most rapid cultivation; and it is only by com- 
bining together, or hiring, that the great body of iajinen o 
take advantage of such gracd and expensive mochiuery. V 
Teiiture to predict that in very many districts & travelling stea 
plough will become almost as common as a portable thraehii 
machine^ and it is where the owner intends to let out his a 
paratus that these large trnction-enginea will be specially aervii 
able. Without the aid of any horse they move from fima 
form, and get into position in a few minutes, On the other 
the moderate-sized farmer who wishes for his own tackle, si 
he can have it token he most wants it — which may not alw^i 
be the case if he hire one — must be content with the old Miindi 
about, and remain satisfied for a while with Howard's or SmJth'l 
tackle. Of course, if a man have no engine, he would do 
to buy one of Fowler's new 7-horse locomotives, with its eUp- 
drum, moveable anchor, and slack-gear; but we do not 
this system can be apphed to a common engine with any 
vantage over tbe cheaper sets, 

" The conclusion that we come to, from these Newcastle 
is, that anyhow the advance in steam cultivation is not so ] 
as some sanguine enthusiasts would have us believe, and 
it will yet be a very distant day before the steam-engine 
rougidy routs and drives from tbe fields our common 
ploughs." 

83. Another of the problems of the day yet to be solved, 
which is engrossing the attention of some of our mechi 
who have made it tbeir special study, is a universally apj^ 
thoroughly efScient Reaping Machine. It may seem to 
readers to be taking a rather degrading or backward 
pn^ress of agricultural mechanism to say, that 
I to be solved. But although we are by no 
what has been done in the direction of givii^ 
cutting inachiiie, we cannot ignore the fact 
Q&9ab\a oi ^^erionauu^ maie than mete 
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afld of being applied under aii ciruumstanceH, baa yet to be in- 
vented. We could Bay much on this topic, for it certainly is the 
&at, that considerable ignorance prevails as to vbat really is the 
office of a reaping machine ; but we find an article iii tlie " Me- 
chanics' Magazine " bo appropriate, and containing so much that 
is euggeative on the subject of " Heaping Machinery," that we 
give an abstract of it here, 

" One offthe most difficult problems which the agricultural 
engineer is required to solve, is incolved in the construction of 
thoToughlj efficient reaping machinery. The operation of cnttinj; 
standing corn appears at first sight simple enough, provided the 
soil on which it grows is level and clear of stones, roots, and 
obstructions, Eut a reaping machine, to answer its purpose 
pioperly, must do more than cut staiiding com ; it niTist bo 
CApable of clearing a field of grain, beaten hither and thither by 
wind and rain ; it must perform its functions over ridge and for- 
n>w, be moderate in draught, not easily put out of order, not so 
vide as to render the extraction of gate-posts requisite to get it 
into an enclosure, not too dear — and farmers do not like to invest 
TOiy much money in a machine of the sort ; and last, and most 
important of ali, it miist so deliver the cut corn that the subse- 
qaent operation of binding into sheaves can be effected with 
&cility and dispatch. Any one who has watched a reaper, sickle 
in. hand, bending over his toil, will see at once how numerous 
and complicated are the evolutions which his hands, wrists, and 
body perform wliile cutting materials for a single sheaf The 
jjruid principle governing all he does, is to secure the positation 
tfd all the heads or ears in one direction, and the root ends of the 
ttraws in the other. The more tangled and ' laid ' the crop, the 
greater the difficulty encountered in securing this end ; now and 
iQien it cannot be secured at all, except at a vast expense of corn 
dtelled and wasted ; each handful, as it is cut, having to be 
Adgged forcibly from among that which is still uncut, and with 
iriiich it is, as it were, felted into one inseparable wliole. In such 
i^Sos, the scythe or ' cradle,' largely used on the Continent, per- 
Carms better than the hook or sickle ; but the process of drying 
tiiB straw and preparing it for thrashing, then partakes more of 
tiiat employed for making bay than is compatible with good 
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" The reaping raachino Laa yet to be invented which wiU cufl 
corn and place it in position as well as skilled manual labonr of 
the best kind. Such a machine might be an acquisition, hut " 
is certainly not a necessity. 

" We do not snppose there are six persons who will read tl 
article, who will not already understand the general mode of 00 
structiun adopted in the cutting apparatus of the modem reapei; 
Ail the makers of niachinea, with whose practical wo^ng we ai 
acquainted, have tacitly agreed to adopt the indented knife, remp: 
rocating at the back of fixed teeth or tines — first introduced l 
M'Cormick — which hold the com steadily np to the cattlD| 
action of the bhide. Many attempts have been made to out con 
with a serrated edge, moved eontimiously in one direction— ■ 
something like a band-saw for example — without any succasa 
The only advant^e to be derived by the adoption of a 
principle, would be the supression of that reciprocating i 
which operates injuriously on the working parts of the machine 
it ia true promoting wear and tear, creating a very disagreeaUl 
noise, and rendering rather complex gearing necessary to c 
out the various motions ; but this very reciprocation, and tbt 
partial jar or concussion which takes place at each chUnge in thf 
motion of the knife, is the very element on which the success dt 
the implement indirectly depends. Grass, stubble, weed^ eveOl 
lumps of earth, collect from time to time within the teeth of lU 
knife-guard, and no expedient can be devised which ao effectnallj 
removes every foreign substance as the jar of the machiofflf 
Without it, the corn is pushed before the iraplemont, and e 
scarcely come into contact with the cutting-bar at all ; while tW 
draught on the horses is incteased, and the worst possible H *^^ 
done. It is very unlikely that anything better than the M'Ci)( 
mick knife will ever be brought out ; the path of inventio<n hi 
ing thus far led to perfect success. 

" We have already stated that cutting the crop alone is not ll 
that ia necessary ; it roust be Jaid in position convenient for binA 
ing as well In doing this well, lies the great problem ; and t) 
8 proposed or employed for effecting it are many, and somei 
ingenioua in the extreme. In Burgess and Key's 
c — one of the first, if not the first, which ever accomplia 
nde de^iveiij T>^na\i ■nuA -wlW fe.vQur — the o 
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■it is cut, on rollers fitted with tliin aheet-iroit spirals, which 
toy the com to the aide of the machine. The rollers furthest 
fom the knife rotate niuch faster than those nearest to it. In 
tosequenoe, the cut com descrifces one-fourth of a circle, of 
pich the straw is the radius, and is, or at least ought to be, 
foosited on the field in a ribbon or ' ledge,' as it is sometimes 
mod, with ears all pointing away from the machine, and the 
nks towards it. This is effected tolerably well when the crop 
Ijbds very erect, and the machine is carefully managed. More 
ipmoidy, the upper straws lie di^onally across those beneath, 
fcdraing much care necnssBry in binding. The work done is, 
Birever, YBTj fair as a rule. 

■ "In Wood's machine, which may be taken as a fair specimen 
r that class of reapers from which the com is delivered by 
mmal labour, a platform receives the straw as it is cut, a man 
b(ed at the side delivering it in bundles from time to time hy 
Itens of a rake, each lai^ enough to make three or four sheaves. 
Mere the crop is only moderately heavy, first-rate work may be 
■Re in this way ; otherwise, the work, which must of necessity 
• performed by the ' raker off,' is very severa Dray employs 
pSlting platform, from which the com slides when it is lifted 
P'the foot of the driver. Messrs. Eemp and Murray have em- 
fo«d the same arrangement ; and Eamlett has taken a prize ere 
nr for a machine in which the board is supported by an elastic 
bd, in such a way, that when loaded sufQciently it yields, and 
naEB the deposit of its burthen on the ground. 
I* The different systems of dehvery may he thus enumerated ; — 
Bo^nous dehvery hy power, as in Burgess and Eey's, and 
Hfiral other machines ; sheaf delivery hy manual labour, as in 
E)od's reaper ; and sheaf delivery hy power, as in Samuelson's 
utoria reaper^ Eansome's, and M'Cormick's. A good sheaf 
Plvery by power is by no means easily effected. The com as it is 
H is continuously falling on the platform, and however quickly 
■'Operation of raking off is effected, there is a risk incurred of 
■igglng away the last-Kiut straws as weU, which thus get scattered 
Bb> the field, and entail much waste and subsequent labour. 
pb bundle, when farmed, should be delivered all at once on the 
feind. The machine travels at about 3^ miles per hour, and 
fcBUBttwM in the delireiy will acattet fea CTi& ttoia.'\n^w»&- '^ J 
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delivering it neatly and compactly, The apparatus employed 
should uot be too heavy, and the simpler the better. It would 
be out of the question to attempt even a passing allasion to the 
varioua ingenious schemes which have frnta time to time been 
patented, all intended to effect this grand desideratum- 
delivery in a thoroughly perfect way. One, M'Gurmick's, 
rally regarded as the best yet produced, we illustrate this weat 
The principle involved in the combination of the sweep-Toke n' ' 
the gathering-reel is good, because it secures the delivery of 
last-out particle of corn before the succeeding vane of the nel 
tbiowH the next cutting on the platform. The mechimical detwli 
are very ingeniously carried out ; and although the implemanl 
looks very comphcat«d on paper, it is unt more so in reality than 
many others not half so efficient. We have preferred to bt^ 
this raachiite for illuatration rather than any other of the self- 
acting sheaf deliverers, because it is the best yet brought ouL The- 
Yictoria reaper bears a good name, and is simple in all its W- 
rangements; but we have had no ptuctical experience in iti 
working." 
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81. In the possession of a ready capability to notice tha ff 
points of a machine, of a facility to grasp quickly at deta^V 
which, from their minuteness, are apt in general to be 01n^' 
looked, but which yet often lie at the very root of succmb W 
non-success, and in a quickness in accepting hiuts &om all d' 
sities of practice — no matter how unpromising those may be ia 
aspect — lies the dilFereuce bet-ween the engineer whose pradiMU 
i success, and he who ignoring these, and careless to pOssHi 
I them, has a practice burdened with blunders. The power of litf* 
is often alluded to, often overlooked; but not, wo nerf 
y say, by the wise engineer. All who Lave made a H 
aa successful muchinista, know well enough that in n 
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cipio into practical shape, is comparatively easy ; but that it is ia 
the miuutiie of detaila, the nice adaptability of one part to another, 
in the difference there is between the fotra or shape given to cer- 
tain parts, and the mode of connection between them, that the 
difficulties exist. How often are practical men reminded of this 
truth, in the existence of a defect bo minute as to have been t^in 
and again overlooked, but, which once attended to, secured succe^, 
and in those happy hits of cliance which reheva him often from 
difficulties at one time ins^upetahle to all appearance. The wise 
engineer then is always alive to the importance of attending to 
details, and snre that the main and more obvious matters will be 
attended to, he may delegate the care of them to others ; but in 
the thoughtful attention to the little things, he makes that his 
own particnlar care. . And it is surprising how valuable an idea 
may come from a most unpromising source, and how often a 
thoroughly practical point works itself out from a hint or a vague 
saggestioa, uttered by a passing stranger, or gathered from the 
pages of a paper or a book taken up and glanced at at random. 
Hence, indeed, the value of such a work as that on which we are 
now engaged ; for not only giving the laboured and exact details 
of precise practice, it, in its numerous subjects, often affords hints 
which, in the heads, or rather passing through the minds of some 
readers, yield much that is of high value. For it is true enough 
that some men have minds so powerful that, like the fahied 
philosopher's atone, they turn into gold the meaner metals which 
are looked upon as worthless— and are in consec[uence so — by 
others. In the present division we throw together a number of 
papers, with no pretension to regularity of classification, many of 
which are of great value as bearing upon matters of precise detail ; 
others which may be lookeil upon as suggestive merely, and as 
likely to affurd, often unexpectedly, those hints, to the value of 
which we have just alluded. 

85, On the subject of Bearings, a correspondent of the 
" Engineer " — signing himself a Sea-going Engineer — has the 
following : — 

" Perhaps no enhject in connection with marine engineering i» 
of more importance than that of bearings, the causes of their 
heating, and the remedies to be applieiL One very obvious 

of beariugs being go tiaubkaome — ^Qe.'m^'^,'dcu^ ^ '^wsa . 
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duuen^ions not being adequate to the work imposed u 
'i now pretty generally known and acted on, tboi^li there ) 
ocira for farther progreaa in that direction also. 

" In the case of the smaller class of bearings, such aa slide-gi 
and air-pump levera, for which joints are too often used, the gn 
advantage of size for reducing wear is apt to be lost sight oC 
True, these joints may be, and no doubt are, amply aufficient i 
strength ; but the wearing surface is often ao small that, befow 
the end of a long voyage, the jangling noise caused by t" 
slackness, in otherwise well-oonstructed engines, is annoying ii 
the extreme. And all the more so, that nothing can be iom 
to remedy the evil while tinder weigh. The use of conidl 
brasses, which could be tightened up from time to time, irhib 
' e engines are going, and making the we^riog surfaces mtii^ 
larger tlian is required for strength alone, would tend to o 
this evil 

" Nothing ia more essential, especially with heavy shafts thU 
having them properly bottomed. This is a point which ( 
be too much insisted on, and the neglect of which haa ruined 
many a bearing. One instance, in particular, occurs to my micdi 
where a crank shaft for a geared screw was lowered into its plaM 

a great hurry, and instead of being easily turned round in i 
bearings, aa it should have been, even with the weight of tl 
large driving-wheel on it, tackle had to be used for that p 
ITaturally, when the engines came to he started, tbe crank slw 
bearings became smoking hot in the first few revolutions. If 
little more time was taken in suoh cases (and no time could l^^ 
1>etter employed, as the opportunity never offers again), the Alt 
lifted two or three times, turned rouTid in its bearings to mirf^^ 
the hard places, and above nil, to make sure that llie shaft irl 
bedded all along ihe bottom of the broaa, although it shonld ^ 
a little eaay at the aides, many a heated and troublesome b 

1, doubtless, many a flaw in the shaft, would he avoided. . 
d not tell my seafaring brethren, mostly, but too well 8' 
e painful truth, that it ia the work of moments to spoil ( 
ing, but the work of days to get it right again. "With heuff 
Ishafts, whatever you may do with the top brasses, the bottOl 

B must bo left to their fate. Good fitting, and the precai 
$«a«atu)QQd, eie i^aite ae nBoeasary in the oa» i^-^ 
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B lined wltli white metal, aa with tlioae made uf brass. WTiite 

1 beariDga certainly appear to have a woaJerful immunity 

a heating, though the consequences are rather awkward when 

a thing does occur. Tte tear, however unlouiided it may 

f of their heating and running out, has prevented their use, 

bimany cases, eapeciaUy in the great moil companies. One 

F objection there ia to the use of white metal — at least to 

B that have come under my notice — and that ia, that it wears 

1 of the hearings, shafts, or crank-pins, as the case 

jT he, to an appreciable, if aot considerable, extent. 

■ " In one case, the difference in diameter, of tlie part of the 

ving running in the white metal, and the part running in the 

a at the enda used to contain the metal, was aa much as -^^ in. 

e of white metal, for marine purposes, appears to he 

&y extending, and it is largely employed by Maudslays and 

^jratty safe gnides in these matters, There is certainly 

t expectation and anaioty about heated heaJinga in starting 

pnes where white metal is employed, than where brass 

; and this leads me to remark (in corroboration of the 

IBS of the advice aa to seeing that shafts are properly bottom- 

t.'Ond a little easy, if anything, at the sides), that, atler engines 

1 with brasses have been punning some time, and given 

selves the ease and looseness perhaps denied them at Urst, 

f eease to give trouble, and can be quite depended on. 

have been long at sea without observing how 
X better hearings keep that have a Uttle end play, compared 
\k those that are cribbed, cabined, and confined between their 
A little end'Working prevents the formation of ridges, 
ts a polish on the bearing j and it has often occurred, in 
) of connecting-rods being thought to travel too much 
a Bide to side, and where waahers have been fitted to keep 
e steaily, that the bearings gave no peace tdl restored 
lieir former freedom, and a very great proportion of heated 
U^gs have their origin at the coUars. In paddle engines, the 
i always a source of anxiety when the ship is listed 
t, and they are scarcely ever made large enough for the great 
^t that comes on them in such a case. Some makers leave 
y laige fillet at the collars of paddle and intermediate shaft- 

t this, though intended to iucreaae tlu^ sJa^-asg^ «&. . 
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the shaft, has the great disadvantage, when ttie ship has a liesvy 
list, of Acting aa a. wedge or cona to force the hrassea asuntierr 
and cnusLDg the bearing to heat, 

" The preferable plan is to have the collar cut in quite square 
witli the exception of a Bmall fillet in the comer, so as to let tl)« 
collar bear fairly no the flange. In directr.acting «CFew~ei^ineif 
with siilid crank-shafts and good collar thrii^-blocks, collars o 
the crank-shaft bearings are being dispensed with altogether, and 
with the best results. 

" Id new engines a little heating, after all precautions bang) 
taken, is to be looked for till the beautiful working skin po' 
of the iron is established. lu getting up bearings in the la 
the use of a file on them should be forbidden. It seeuts on^ 
reasonable that a clean cut vnth a sharp, hard, finishing tool mu 
leave a surface more suitable for the work of a bearing than tt 
irregular work of a file, however polished up afterwards. 

" I now wish to draw attention to a cause of bearings h&itiiy 

which I can only point out as a fact that has come under s 

notice, but cannot profess to explain. This is the clinging a 

collapsing of the brasses to the shafts. In the loog beatings iu)i 

so prevalent and beneficial the brasses retain their original shap 

at the ends only (if stifiened by flanges) ; but from the ends t 

the middle (and the thinner they are made the worse thay ai 

they cling or collapse to the shaft to the extent of one-dgfalt 

three-sixteenths, and in some cases even more — of course leavinj 

the pillow block to that distance. The same thing haa loi 

been noticed with thin brasses fitted into straps used for crai 

pins, side rods. &c, and it has often been remarked that oo 

necting rods fitted with T heads and bolts give much less tttoA 

than those fitted with straps, owing, no doubt, to the greater iti 

ness produced by the form of the brass, and the caps and ba 

in the former case. 

L " In thinking of this clinging or collapsing propensity in lai 

I and thin brasses, a plan of fitting brasses lias suggested ita 

vlriiich would elfectually remedy this great evil, be cheaper of fii 

■OOst, and more easily renewed than the present system, Ihil 

fc^dan is to cast dovetail grooves in the piliow blocks or fi 

■with the taper alternating in each groove, strips of brttastvl 

IIJ^jE^teil awi dmeo. m\o ^lk& fgraaves, the sp&eea betw "~ 
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stripa to bo filled np witli white inetal or lignuta vitie, and tlie 
whole bored out to the size required ; the heads uf the strips or 
keys to have the fhuigea formed oa them, so as to take the collars, 
if any, and as much brass to be left for retaining the white metal 

or lignum vitas as may be deemed necessary The 

grooves might be very cheaply made by leaving steel patterns in 
the mould, to be afterwards driven out of the casting when cold. 

" The bottom atrip or key should be the broadest, and made of 
tiie hardest brass, or aluminium bronze, so as to take the princi- 
pal part of the work Brasses built in this fashion could not 
possibly cling or collapse, whatever else they might do, and the 
process of fitting new brakes at any time would be much simpler 
th&n at present. That this plan of construction would give great 
(stisfaction, when once tried, appears to be self-evident. The 
good performance of some tunnel shaft bearings that I have seen 
eoufirius this yiew. These, instead of being fitted with brasses, 
have merely the pillow blocks bored out to the size, and some 
wMte metal dispersed over the surfii.ce in thin fiat holes of 2 in. 
diameter. These bearings, which, from their construction, conld 
not possibly collapse, have never been known to warm, as they 
would most likely have done had they been fitted with thin 
braasea in the legitimate mode. 

" Nothing makes a better bush than, cast-iron when a good skin 
is once attained ; and in many cases where brass would not stand, 
« in the trunnion bearings of oscillating engines where super- 
heated steam is employed, oast-iron has answered perfectly ; and 
if the quality of the iron is good, pretty hard, the casting soand, 
witli care taken in fitting the bushes properly at first, and well 
attended to when started, such bearings are very durable, and take 
a beautiful polish. 

" It ia to be hoped that aluminium bronze will soon come within 
the engineer's reach in the matter of cost, as it appears to be an 
Admirable material for wear ; and wbile alluding to it for use, it 
can well be imt^ned how beautifully it would answer for the 
■mailer details of the ornamental work of an engine-room. 

" In all cases where it can possibly be done, and especially with 
erank shaft bearings and the crank jiin ends of connecting rods, 
Hbe brasses should be worked close together, and screwed bard up. 
fl case of connecting rod T heads, wkcu i\yiei, aa ^ivK^ wimE^ 
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times are, with fuur bults, it ia dliSciilt, aud piaotically impassible 
to proportion the atrnin equally among the bolts in any othq 
way. And even whea two bolts only, which appears to be the pitf 
ferable plan, are employed, working with the brasses hard wrewei 
together, tends, in a great measure, to prevent their sladdi^ thl 
conseqnenoes of whinh are apt to be very serious if not noticed i] 
time. And when connecting rod brasses are ran parted, thougl 
it may be more convenient for tightening up from time to tim^ 
still there are three sources of wear to contend with instead of out 
These are, the head of the bolts working itself into the conaeot' 
ing rod, the nut also bedding itself into the cap or connecting 
rod, aa the case may he, and the wear of the brasses. When 
screwed hard together, two ot these sources of wear and play u 
done away with, and nothing is left but the wear of the brass 
With large bearings it is surprising how long they will raa bed 
it becomes necessary to let them together. The steadiness a 
rigidity imparted to crank ^haft brasses by this method is its gn 
recommendation, and indeed It is now almost universally praclnedl 

" Bearings ought to be most carefully gaarded against the »U 
tacks of sand, or, what is even much worse, the black dost Aon 
the funnel, which, in calm weather, fclls profusely about the duckfc J 
This substance, which, in its cutting properties, closely resemUli 
the diamond, is most inj urious in its action if ollowtxl to touch anj 
bearing. I 

" With regard to the various mixtures in use for coding lid 
hearings, the object of these notes is rather to point out the n 
dical causes of prevention from the first than the means of eufl 
■when they do occur. And that they are almost wholly pM 
ventable by good construction and fitting we need only Ion 
at the every-day performance of locomotives, where, if tuf. 
where, we should expect Bitch things, and yet they are almo^ 
unknown. ' 

" Of course, after being made of tlie most ample dimen^Ui 

the best materials, and fitted in the most workmanlike maoHC 

L bearings will get hot if not looked after and properly lubncitedj 

■ but thia is, happily, of rare occurrence. It is matvelluus viti 

■ Triiat rapidity a bearing will get hot, though in the case of lin 
UbMLrings it mny be detected aven before the outside of the biH 
■■taAHMt. QtstaxtSi^ b£Q&Vui% — ^ItK \in fixed mlm oan ibuifl 
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for all cases — the Lest plan to adopt is at onci; to atop aad slack 
the lolts. K this be promptly done, before the immense friction 
has begun to tear the sLal't, the bearing will most likely he all 
right again in a short tiiae. Some beatings get rapidly cool, 
while others take days. 

" Great advantage has been experienced in cases where hot bear- 
ings have become almost chronic, "by allowing a little water, only 
a drop at a time, to mix with the oil, or rather to go down the 
same tube. This produces a sort of white lather on the bearing, 
and ships have been enabled to go on with great comfort by these 
means which had been previously miserable. 

'■ And who can describe the anguish endured by the too-sen- 
sitive engineer, troubled and tormented by hot bearings? Espe- 
cially is he to be pitied if they are so situated as to be fully 
exposed to the eager ga«e of passengers and crew. While his 
mind is on the rack as to what is his best plan of remedying the 
evil, and his olfactory nerves disgusted with the too-well known 
smells, he is auppoaed to answer civilly the queries of a hundred 
voices as to what is the matter. But let qb drop the curtain over 
nioh scenes, too painful even to write about, and if these notes 
should tend in any degree to lesseri in the future the miseries too 
awful for tliought, they will not have been written in vain." 
86, Chucking Workin Lathes, — " One of the moat indispensable 

' edjuDcts of a lathe," says the " Scientific American," "is a chuck 
for holding work that cannot be turned between the centres, or 
requires to be bored out. Very great ingenuity has been dis- 
played in constructing chucks so that the piece held, if round, 
should run perfectly trae without any further adjustment. To 
this class of chuck belongs the scroll, the worm and spiral gear 
cbnck, and othera; their utility is very great, and on some work 
they are indispensable. 

'■ Ordinary chucks have four jaws, which slide in grooves in 
the face-plate, and are set up by screws running through them. 
Such a chuck-plate can be altered to take an irregular form, or 
nne that has a hole out of the centre, as an eccentric, but the 
acroll-chuck cannot. The jaws in this move arbitrarily, or to- 
ward the centre, and are therefore unchangeable, although, we 
believe, there is one variety of acroll-chuck in the market that 

jom^-jw ahiited ao as to take an ior^uLai {arui. \^i « ixtt^jDiaaiu^ ^ 
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ee what clumsy work some men make in chucking a job. To 
a simple pulley takes them half-aa-hoor, and al the end of 
that time the face is so covered with chalk murks tliat it luoka 
a if it were whitewashed; hammer marka indent the work, and 
the workman loses his patienc« and gets out of temper for nothing, 
It is the simplest thing in the world to set a ronnd job true in 
a few minutes, and without chalk, sticks, or any other aid. When 
a pulley is to ho bored, the centre ehoold be put in the Bpindl^ 
and the size measuied off to the chucks ; one of them shonld 
be drawn out a little to let the work in, and when it is in pkc^ 
setting this slack jaw np will bring the pulley fair. One or twfli 
revolutions of the lathe will show in a moment if the outsida 
is true. It ia unnecessary to tell the mechanic that no 
must be turned from the hole cored out rough. Many unthinking 
persons have done this to their own and the proprietor's sorrow; 
the cores not unfrequently get pushed on one side in a 
which makes the work all wixtng if they be taken as the centre. 
" Scroll chucks, in feet, chucks of any kind, are costly tool^ 
and not within the reach of eveiy mechanic To such, a com- 
mon block of wood is by no me^ans a oseless thing. It is aston- 
ishing bow much can he done in a wooden chuck when properly 
made. Very large sizes can be employed, and for very EmsU 
work it is unequalled as a substitute for the metal chucks. Vsr]' 
frequently cements, such as gum-sbellac, &c., are used i' 
nection with the wooden chuck to hold small flat pieces that have 
no flange or other point to catch. An eccentric may be boiei 
for the shaft, and turned outside in a wooden chuck, or o 
face-plate, without the use of a chuck at all 

" In cases of irregularly-shaped jobs, where it is at aU p 
ticable, the chuck-plate should be taken off and laid on the bencbi 
and the work set true upon it in that position ; by the aid of 
the lines which are struck, or should be, on every plate, t' ' 
can be done much more quickly than when the work is hanglDg 
hy one or more holte. In all cases the plate should be caiefullj 
used, and cleaned when done with, not left to knock about a 

I the floor under the lathe, or to get Med with grease, dirt, la 

L chips." 

I Id connection with the above, the following, Irani the ssp 
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" No piece of work can be properly turHHd on a bad centre. 
It is a very common thing to see jobs in large shops centred for 
turning by the use of a centre punch, Rnd iii some cases a very 
stubbed, blunt -ended, triangular- pointed one at that. Some 
slovenly workmen think that a centre punch, which ia not fit 
for anything else, ia good enough to use for turning, and a moat 
extraordinary collection may at times be Been on lathes. 

" We bave repeatedly advocated the use of the drill for cen- 
triDg work, and we here reiterate this advice — no job, however 
trivial, should ever be turned without it. Even screw bolta, 
which, after they leave the abop, may never come within a thou- 
sand milea of it again, should ba carefully centred. Principle 
18 the point aimed at, for when a workman geta in the habit of 
doing work properly it will be almost second nature to him ; 
when he geta careless he uses a centre punch on all kinds of 
work indiscriminately. When work is centred with a drill there 
is no possibOity of its becoming untrue unleas chipped with a 
TOtmd-nosed chiael on purpose; but with a centre punch there 
is no likelihood of its eeer being true, especially if a punch with 
an end like a carrot ia employed, as is sometimes the case. It 
often occurs that work is turned in a lathe which has centres 
worn ofi' at the point. When the drill ia not used, the centre 
in the work turned wears just the shape of that in the spindle 
of the taU-stock; now, if the work so turned be put in a lathe 
which has sharp, true centrea, it cannot be turned at all unless 
it is re-centred, which, in all likelihood, makes it run like an 
eccentric. Have good drills, and drill the centrea deep, 80 that 
the end may he cut off even, and the body will remain true ; 
with these precautions there is no possibility of doing had work, 
eo far aa the centring is concerned." 

87. On the important subject of Packing for Pistons of Steam 
Engine* and Pumps, the following paper, descriptive of a new 
form, was read before the " Institution of Mechanical Engineers " 
by Mr. G. M. MiDer of Dublin ;— 

" This packing consists of two rings, pressed outwards againat 
the cylinder by the pressure of the steam as it acts on the alternate 
^es of tbe piston, without the use of springs. This piston has 
heen used by the writer in the locomotive engines on the Great 
and Western Bailwaj of Iieilaad. Ibn 'ij^nu 
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oast-iron, 2 iaohea in thickness and 15 inches diamewr. Two' 
^uare grooves are turned in the edge of the piston, fthe of x 
inch in width aud |ths of an inch apart, and a concBpondii^f 
steel ring ia iitted into each groove, the rings being divided at 
one part with a plain bntt joint, and sprung over the piston into 
their places. Two small holes, Jth of an inch diameter, i 
from each face of the piaton to the bottom of the uearest groove, 
whereby the ateam is admitted behimi the packing ring, and 
presses it out against the cjUnder so long as the steam is acti 
upon that &ce of the pietou. The alternate action of the t 
rings is continued as long a£ the eteam is acting oa the pii^ 
ton, one of them being always pressed steam-tight against tin 
cjlinder. 

"Another form of the piston has been used 
the piston is desired to be flush on both faces, or to fit a cylio-^ 
der with flat covers ; in this a circular flat bead, forged npo* 
the piston-rod, is fitted between the turned faces of the tW9 
halves of a cast-iron piaton, which are held together by ti 
pins riveted over, fonning a LoUow piston flush on both faces, 
fast upon the piston-rod, and without any loose part besides tb* 
two packing rings. 

'■ The ends of the rings, where divided, are made with a butt 
joint or with a lapped joint. The piston body is turned to p 
through the cylinder easily ; and the joints of the rings hare b( 
found to be practically steam-tight. In some cases the joints hi 
been tongued, but in the writer's experience this baa not h( 
found I'equiaite ; the butt joint has invariabiy worked well, whiM 
it has the advant^ of perEect simpUcity of construction. Ill 
pistons where the packing ring travels over the opening erf ti 
cyhnder port, a small stop is fixed in the bottoni of the groovy 
entering a short slot in the packing ring, to prevent the ends of^ 
the ring coming opposite the cylinder port, but still leaving t 
ring fi'ee to travel round a little in the piston grooves; but it 
i preferred for the packing rings not to travel over the cylindef 
L porta, 

"Another form of joint for the packing ring is intended fc 
a stationary engine with cylinder 1 6 inches diametn 
i top-piece, 1 ioch thick and 4 inches long, ia placed iai 
K^ the bu& o£ &q jovnt, ^vraut «», ^ wrox to ^a j ' 
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tlie top and bottom by projecting ^th of an incli in thickness ou 
each gide of the ring. 

" These steam-packed pistons have been used more than seven 
yesxa in the locomotives of the Great Southern and Western Rail- 
way, and have proved so satiafartory and advantageoua, tliat their 
lao has been extended to all the 94 locomotives working upon 
that line. The following are the results of the working in the 
en^es running from Dublin, as regards the darahility of one set 
af ring^ tbe period of their wear, and the mileage of the engines 
whUst wearing them out. Nineteen engines working with one 
aet of steel rings averaged 33,020 miles and 16^ months' run- 
ning, one engine having worked for 3 years and run as much as 
98,073 miles with one aet of packing rings. Five engines work- 
ing with one set of brass rings under the same circumstances 
""6 miles and 19 months' running, the greatest work 
t them being 2^ years and 43,197 miles. Twenty other 
flnginee with stee! rings which are still in use have also averageil 

. 40,444 miles and 21 months' work, one of these having worked 
for 3J years and run 94,399 miles with the original set of rings. 
"The general result of the above is that one set of steel pack- 
ing rings have lasted 37,000 miles and 19 mouths' work, and one 
aet of brass rings 31,000 miles aad 19 months' work, the differ- 
anoe in durahihty being about 16 per cent, in tkvour of tbe steel 
e of the individual cases of the pistons with steel 
rings, a very considerable variation from the average result of 
37,000 miles is found in the dujability of the packing rings, 
some of them having lasted 2f timea the average, and some only 

. as much below the average. In the case of the brass rings the 
variation is not so great, amounting to I^ times the average in 

I the highest, and about as much below the average in the lowest. 

I This variation in wear has not been fully accounted for : it may 

' have occurred from a different character of metal in the cylinders, 
from priming of the boiler, and from the presence of grit in the 
water ; but the writer has reason to believe that the rings have 
been fi'equently put to work and set with a pressure upon the 
cylinder from their own elasticity, thus causing a Bource of weat. 
It is found the beat plan to turn the rings to the exact diameter 
of the cylinder, and to put them in without any spring upon them, 
A tbey we not subjected to any wear except. Ni\\eii \k«i iJwKia. 
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is acting on thsm. Tlie steitl rings are now sliglitl; tempered, I 
admit of their being spniDg into the grooves Tilhout alteriu 
their form. In all these pistons the eteel packing rings were 
iach thick originally and | Inch wide, and they were worn dow| 
to about ^ inch tLick in the thinnest part before being n 
The braaa rings are worn down irom -^ inch uDtLl they are ^ ino 
tiiick. Specimens are exhibited of sieol rings from four ei 
that have worked 38,000, 61,000, 84,000, and 96,000 miles W 
spectively since drst put into the pistons. It must be n 
that when opportunities occuj', as when engines are under repait 
the rings are taken out and reset to the size of the cylinder. 

" It is fonnd in practice that two steam porta of ^ inch du 
meter ava quite sufficient for each of the steel packing rings. ~ 
rings most be made to fit easily in their grooves, bo as to D 
freely, with a clearance of j^ inch at the bottom of the groora 
for the steam to paaa round behind the rings. No difficulty b 
been eicperienced from the steam passagea becoming etopped V 
with a moderate use of tallow in the cylinders. 

" The use of tliis piston packing in locomotive engines b 
been productive of ecouomy by reducing the friction and by ja 
longing the wear of both pistons and cylinders. It will be ol 
served that only one ring is in action at the same time, and tl) 
when the steam is shut o^ as in descending inclines and apptoadl 
ing stations, the piston is free to move without any Motion. Id 
cylinders of the four engines from which the specimen rings tS 
Mbited have been taken show a highly polished surface, are v 
' little worn, and are nearly parallel throughout. The operatvMi i 
putting in these rings so as simply to fit the cylinder is estremt' 
easy, whilst great care and skill are required in giving s] 
the requisite degree of elasticity and in making tbem n 

" A set of brass packing rings is also exhibited, taken out I 
the pistons of a pair of vertical stationary engine cylinders aX ' 
Dublin railway station, in which they have been in constat^ * 
lor the last four years, with a pressure of 60 Iba, steam. ] 

I lUamfiter of the cylinders is 191 inches, and the rings « 

I miginally f inch thick and | iuch wide ; they are now wurn da 

K to -^ inch tliick. 

I "A number of stationary engine pistons are working with Qitt* 
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«atUfactory, giving an advantage in reduction of Mction, aad in 
preserving the cylinder face in perfect condition. In. one case 
of the engine of the Oldbawn Mill, near Dublin, with vnrtical 
cylinder 18 inches diameter and Sj feet stroke, working with 50 
lbs. steam, the cylinder had previously been worn considerably out 
of truth and much grooved, and one of these pistons was put in 
having two steel rings of | inch width and f inch thickness, and 
was in constant work for four years without the packing rings 
requiring renewai They have lately been taken out foi exami- 
nation, and were found to be still J inch thick : and the cylinder 
from its previoas defective condition has been brought completely 
to truth throi^hout, with a highly polished surface. 

"These packing rings have also been used for four years for 
pump buckets, and have proved very satisfactory. In one case 
of a double-acting pump 8 inchp.3 diameter, the two packing rings 
are of brass, | inch wide and -^ inch thick, and are pressed out 
by the pressure of the water acting at the alternate faces of the 
bucket through two ports, J inch diameter, similar to those in 
the steam pistons. This pump had two years' constant work at 
quarries and bridge foundations upon the Great Southern and 
Weatern Kailway, before the packing rings required neuewal 

" In the case of single-acting pumps the bucket has only a 
single packing ring, with ports opening from the upper side, A 
pump bucket 5 inches diameter so arranged has been working 
constantly for 2^ years at a station on the railway near Dublin 
The packing ring in this instance was originally ^ inch wide 
and J inch thick, and has worn leas than -fg inch in the 2^ years 
that it has been working up to the present time. As the dia- 
meter in this case is too small to allow of the ring being sprung 
orver the body of the bucket into its place, it is put in by means 
of a jimk ring screwed on at the under side of the bucket. 

" An application of the same construction of packing has also 
be«n made to the gland packing of a 9-inch pump-plunger, in 
which two brass packing rings are used, i inch wide and | inch 
thick, just like the piston packing rings, except that they act in 
the opposite direction, being pressed inwards upon the plunger 
by the pressure of the water through the ports." 

88. The three following paragraphs are taken ftom \.\i.vi 
uilifie Ameaean." 
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(o) " Sixet for Key-aeata. — Mr, William Edward Davie*, 

Jersey Citj, N, J., Bends us a diagram of a conyenient plaa 

8 of key-seats. Tt shoald be engraved on a brass |J 

and kept by the foreman or tool-keeper so that the workn 

may have access to it. Our mecLonica! readers will underata 




the diagram ■^^■itb{lUI any uspliiuatioa from us. The liaea tw 

o to a represent the depth of the key-seat fur wrought-iroti, whi 

in the largest size sliown in the diagram, is ^ inch in depth 

1 J inch in width for wrought-iron, and ^ by 1^ for 

These latter sizes are shown at h b. The dimensions of the 

are shown by the figures at the left. We are always pleased 

.8 and plans for expeditjng work ; if onr read 

would only impress upon the minds of every one interested 

' e BQbject the great need which exists for a standard pitch 

~ ; sizes of screw-bolts and their nuts, they would dfl 

.t deal towanla inaugurating a reform in the matter." 

It for d«tenFrw(u.i\9 tlie i).\.i<MnBunu af Smalt 
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hy diametral pitch. — "We are indebted to Messrs. J. K. Brown 
& Shatpe, the well-known macliinists of Providence, R I., for 
the following valuahle tables. They were originally made espe- 
cially for this firm : — 



LetPd. 



ta the diamelTal pileh, or the Dumber of totth ti 
of diameter of pitcli circle. 



ly the iJianiBtar ef pitch larcle. 
D the vhote diameter. 
N the nomber of teeth. 

V the velocity. 

d' the diameter of pitch circle. 
d the whole diameter, 
n the number of teeth. 

V the Telocity. 

a the distance between the centres of 
b the number of teeth in both wheel s, 
t the thioknaaa of tooth or oatter on pitch circle. 
D" the depth of tooth. 

" The examples placed opposite the forraulaa below are for i 
■ingle wheel of 12 pitch, 6-166 incliea or 6.^ inches diameter 
:tc, ; aad in the caae of the two wheels, the larger haa the saiiii 
limensiona. The velocities are respectively 1 and 2. 



_72+3 72+2 _ 



= ^2 = 12. . . . 

N 79 . 
--^ = 12 = " - 
PD'=12x6 = 72. 

PD— a = iax8-ie6— 2, or 12x6ft— a 
lT+2 73+2 ,..„ ,, 
~p- = T2- = ^^^^-'"^"^- - 

D'+p = 8 + -A. <"■ 6 + -180 = 6-1 66. 

1-67 1-57 .,,n 
-^ = — = -130, 


. 2. 
3. 

. 4. 
72. . . E. 

. 7. 
- ^- 
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FOR A PAIB OF WHEELS. 

Formulas. Examples. 

b = 2aP=i2x4-5xl2 = 108. 



bV 108X1 



v+V~ 



= 36. 



N=Y = ??^ = 72. 



n = 



NV 72X1 



V 

bv 



= ^-=:r^=36. 



v+V 
PD'V 



2 
108X2 



= 72 



n^ 



12X6X1 



= 86. 



^ _ n V __ 36X2 __ - 
^~ N - "72"^^* 

^_yv__ 72xi 



n 
n 



36 

12X6X1 
36 



= 2. 



___ 2a (y+2) _ 2x4-5 x(72+2 )_ . - .. 
D=— ^-_ ^ 6166. . 

^_ 2a(n+2) _ 2x4-5x(36+2) __g.^gg 
*"~2 P"~2X12"~ 



10. 
11. 

12. 
18. 
14. 
15. 
16. 

17. 
18. 

19. 
20. 
21. 



(c) " The Pitches of Screw-threads. — Eeason and expedience 
both demand the early introduction of some fixed system for the 
pitches of machine screws. At present there is no standard 
whatever, and the inconvenience, delay, and expense resulting, 
is felt every day. Repeatedly, engines are stopped, presses stand 
idle, and pumps deliver no water, for the reason that some bolt 
has broken, and another has to be made before operations can 
be resumed But these delays, although vexatious and costly, 
are trifles, compared to the want of mechanical system shown in 
this subject by the trade in general, it is a standing reproach to 
our machine-makers. None know the truth of this assertion 
better than they, and it is because no one moves earnestly in 
the matter that so little interest is manifested about it 
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" If all the foot-Tuloa varied, or the standard of inches and 
fractions of it were at the mercy of any person, wbat confusion 
there would be, and yet a derangement similar m character 
exists at this moment in the auhject of pitches for screw-threads. 
It is safe to aaj, that scarcely two shops use the same standard. 
One superintendent thinks twelve threads too coarse for half- 
inch holts, another thinks it too fine ; so, hetween them, they split 
tlie difEerenee and make one of eleven and a half or eleven and 
tliree- quarters to the inch ; or what is still worse, an almost in- 
£iutesBimal faction less than any regular number, as, for instance, 
tiirty-three or thirty-four threads in three inohea. It ia almost 
impossible to measure such threads an a single inch, and no true 
mechanic would ever make one for standard use. Such threads 
are made, however, and used daily ; we have had positive demon- 
stration of this fact 

" The Whitworth standard is very generally used in England ; 
so much so, that it may he called the standard there ; hut with 
■us there b no fixed idea, although there is great need for one. 
If the bolts of commerce, or those sold in hardware and ship- 
chandlery stores, were all of one pitch, for the relative diameters, 
it vould be a convenience that many machine-shops would avail 
theroBelves of, and extensive works, even, could purchase sets of 
liolte, certified of the beat iron, at less prices than they could 
raanufaeture them for in their own works, Tlie advantages to 
te derived from some standard pitch seem to be worth working 
for." 

89. On the subject of " Torsion," its principles, and their ap- 
plication to the practice of shafting, we find an excellent paper 
in the " Mechanics' Magazine," wluch, in giving here, we do our 
noders a service. 

' *' Any one looking along a line of shafting when an ei^ine 
%l being started, will notice that the rotating motion takes some 
time to be communicated to the extreme end. The movement is 
gradually transmitted, stop by atop as it were, from shaft to shaft, 
nnd the engine is often in full rotation before the last shaft is at 
Work. The same thing will be caused in a long set of boriag- 
rods. This effect can he hut seldom ascribed to any play of the 
keys in the wheel or couphng-boxes, and a play of this kind 
' ' e sufficient to produce such & retaida.^.YO'o. ^KlQsX >^'v 
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113 have noticed, on a 'wind7 day, the perpetual twisting of tht 
little tin fish which is often suspended from a line in order to bt 
aaoii as a sign in shops where they sell fishing-tackle. A breath ol 
air will sometimes set the 6sh twisting at the ead of the winfi] 
almost the whole of the day. This is also an effect of the elaatici^ 
of torsion of the iron wire osed as the line. Aa long as thi 
action is kept within the limit of the torsional elasticity of thi 
wire it can be repeated for ever. This is even the case with : 
wire of lead, and with thin, cylinders of pipe-clay. Fro&sM 
Itobison took a leaden wire l-15th of an inch in diameter anc 
ft, long. He fixed one end to the ceiling and let the wire I 
down vertically, after affixing to the lower end an index like tl 
hand of a watch. On a stand below was a circle divided 1 
dugrees, with its centre corresponding to the lower point of th 
wicB, If the index be turned twice round in order to twist t^ 
wire, ' when the index is let go it will turn backward again hj. 
the wile untwisting itoel^ anJ make almost four revoIutiooB I 
fore it stops, after which, it twists and untwists many times, thi 
index going backwards and forwards round the circle, dim 
ing, however, its arch of twist each time, till at last it 
precisely in its original position.' The great elasticity c 
familiar substance, india-rubber, makes its distortion an 
ated, and therefore plain, symbol of what takes place i 
materials. The eifect produced on an iron shaft by torsion ii 
similar to that produced by twisting a round slip of iudic^rubbet; 
the difference consisting in, that the torsion, in the case of the shaft 
ing, is on a larpier scale, and with, of course, more rigid mateiii' 
A dingle shaft, fitted with a tooth wheel at each end, the a 
wheel driving, while the other is being driven, also andei|gt» 
the internal angular displacement, called torsion. The displaOA 
ment of the molecules will be clearly less in the cose of a shorl 
shaft, while it will increase with the distance between the p 
perpendicular to the axis rouud which takes place the rotaUcn 
A centre line passing exactly through the axis would not be enl 
ject to be twisted, but the further any fibre from this axis won! 
lie, the more would the fibre have a tendency to be displaced. 7 
we suppose that an iadia-rubber shaft, for instance, is to be oi 
up into a large number of thin discs on the same axis, tb^ 
the appUcation of a twist, ea^ diae would hsve 
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rotate, and the distance passed tLrough would be grfiitter tlie 
further liom the centre. But aU. the molecules that happened 
to be on the aame radius before the torsion would be on the same 
radius after the shaft had been twisted. It will also he seen 
that the infinite number of thin discs, of wliich we have supposed 
our shaft to conaist, will undergo the same angular displacement, 
as all the discs between the resisting and propelling forces are 
under the same infiaBnce. The displacements, undergone by a 
line of the fibres that we may have supposed to lie parallel to 
the Bsia, are added to each other. The relative displacement of 
two particles at opposite ends of the shaft woiild thus be in pro- 
portion to the distance between the two ends. Looking, again, 
at our india-rubber shaft, and supposing that before being twisted 
it had been marked on the outside of its uircumference with a 
line parallel to its axis, then this straight line or fibre would he 
twisted, hy the torsion, into a fipiral. As all the molecules that 
had been on the same radius before the torsion would be on the 
aamo radius after the torsion, the pitoh of this acrew-lina would 
be the same for all the fibres, whatever their distance from the 
axis. If, however, we suppose tangent lines drawn from dif- 
flment radii to this Une along the axis, then the inclination of 
these tangents would increase with the distance from the end ol' 
the shaft. It wilt he seen that the resistance of torsion bears a 
relation to tensile or compressile resistance, and more especially 
to the first. A shaft submitted to torsion does not get longer, 
and the thin discs we have fancied are at the same distance from 
each other, but the fibres drawn out spirally have been lengthened 
to the amount, that the twisted fibre is longer than when straight. 
Hid having the same length as the shaft. 

"It is by a somewhat similar reasoning, supported hy simple 

[calculations, that General Morin explains how it happens that. 
Vhen a solid is fixi^ at one of its extremities, and is urged hy 
■ fiaice acting in a plane perpendicular to its length, and tending 
to twist it, the angles of displacement of each of its longitudinal 
Sbres are : — 1st, proportional to the distance of these fibres from 
the axis of the figure ; 2d, in proportion to the distance of the 
section considered from the section, which is fixed. The torsion 
of a shaft twisted at one of its ends hy the driving power, and 
b tiui other by the resistance, is the same a& i£ iVv& ^uaL\, "vcia 
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fixed at the section where the resistance takes place, and twisted 
at the place where the power is acting. It is stated tliat the 
proportionaltt; of the angles of tDmcin to the eum of the n 
nients of the estmneoiig forces, and to the length of the solids, 
or the distance between the extreme sectiona, has been v 
experimentally for angular displacementa, within which the liniits 
of elasticity are not altered, 

" The firat who appears to have investigated the pher 
attendant on torsion appears to he Coulomb. His torsion balanoa 
consisted of a wire suspended by its extremity, and stretched by 
a weight upon a somewhat similar plan to that of Dr. Bobisou 
To the wire was fixed a needle, the point of which rotated on a 
graduated circle. When the weight at the end was turned round 
— the wire being left to remain perpendicular — the particles ft 
the irire returned to their first position, and, at the same 
moved the weight and the needle. The velocity acquired c 
both beyond the first poBition, and they thus would go on makinf 
a series of diminishing oscillations tike a pendulum. 

" It is clear that in machines it is necessary to confine tl 
amount of the angle of torsion — the pitch of the spiral formec 
by the tursiou — within very narrow limits determined by tb( 
necessity for not greatly affecting the elasticity. The gnaied 
displacement will be undergone by the points situated at thi 
greatest distance from the centre. The angles of dispiaceniuiit 
will also be in proportion to the length of the cylinder, so tl 
the amount of torsion applied ahoidd be all the less as the ahi 
is longer. This means, in other words, that the angle of the tw 
should have a value limited by the kind of material used, a 
the mode of its employment. In general, the angle of torsion i 
not allowed to exceed half a degree, and, according to Ghsrstnei 
it should not be more than 0*1 of a degree. 

" There are, perhaps, few cases in practice in which a 
of a machine is subjected to torsion alone. It is also, at 
instance of machine and engine shafts, subjected to a croc 
iug effort ; and, in the case of rivets and short holts, to a shearin 
strain. When this occurs, and it is wished to make the part 1 
light as is consistent with safety, both the cross-bending and ti 
sional strains should he calculated, and in order to use the L 
iUiwuut of two. It is well known that the teeth of the wheels h 
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to be made strong enough to resist any action similar to that of 
combined twisting and bending, which could easily arise from 
the whole force of the two wheels being taken by one comer of 
a single tooth. The formuhe given for the teeth of wheels do take 
this action into account. 

" There is nothing more dangerous and more likely to lead to 
either immediate rupture, or to injury that will sooner or later lead 
to rupture, than what is termed a ' kink,' in either a chain cable, 
a common chain, a wire rope, or a hempen rope. In all these 
cases the effect of the torsion is increased by the leverage of the 
kink — that is to say, the tension exerted on both ends is multi- 
plied by the leverage of the'kink, &nd the safe angle of torsion 
being so shght, the material ia very easily unduly strained. It 
first takes a set, the pull continues, the strains increase, they in- 
crease still further as the breaking load is approached, until at 
last rupture ensues, and the ship, or mining c^, as the case may 
bo, is at the mercy of the unreasoning and destructive powers of 
Nature. The liabihty to kinks in any rather great length strained 
in a machine greatly increases with the length. This afiords an- 
other reason besides those we have adduced in our columns why 
cables should not be tested in such long lengths as 60 or 75 
fothoms. The effects furthering, and ultimately causing, rupture 
Eire in all cases so greatly aided by sudden strains, and by impul- 
Bire forces generally, that the great advantages of friction- coup- 
Ungs for shafting aie plainly to be seen. These couplings bring 
the motion, and consequently the torsion, gradually on to the 
shaft; there is httle or no jar and vibration, and the shafts are 
not so liable to be unduly twisted in a way that will ultimately 
cause rupture. The friction- couphng is due to the late J. G. 
Bodmerj it is his most meritorious invention, and will probably 
last longer than any other of his productions. 

" Some simple practical rules, not generally known, for calcu- 
lating the diameters of shafts, are the folloiving. They give the 
diameter of the necks of the bearings, the body of the shaft being 
of course made of a lai^er diameter : — For a caat-iron shaft, not 
subjected to shocks, make the diameter in centimetres equal to 
aiiteen times the cube root of the number of horse power to be 
eommunieated by the shaft, divided by the number of revolutions. 
If Jjje shaft bfl sjibjectcd to sliocks, this f<»tni.a\B. ■«\\i. 4.a 1<k. ■». 
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wrought-iron shaft, but if cast-iron be talcen, the co-efficient, 16, 
must be increased to 19 or 36, according to the force of the shocks. 
'1 shoald be taken for the shafts of rolling- millB for platSi 
Wronght-iron shafting ia stroag enough if it ia worked equaWj, 
hy making the diameter in c&ntimetres fourteen times the cnbe 
root of the number of horse power, divided by the number of 
revolutiona. With the old-tishioned wooden abafta the co^- 
cients luiist be increased to 36, and for the wooden Ghafts still 
occasionally used for helve hammers, to 80. Adcock'a ' En^- 
neet'a Pocket Book ' for 1857 gives complete tables of dimenmoas 
of cast-iron and wrought-iron shafts. 

" A very useful approximate rule, indeed, for practice, and m 
not generally known, ia that a wrought-iron shaft one inek ' 
diameter will transmit one'hone power. It does not, of ooinsOi 
take into account any variations in the number of revolutioiu,. 
which may be supposed to be about 100 per minute, and to'bd 
accompanied with the average amount of shocks that genetall]'' 
take place in shafting. This rule may be extended up to certwv 
limits, but, of course, proportionately increasing the ci 
area of the shaft. On reckoning it out it will be found to agiw 
with the more acccurate, and also somewhat empirical formula wft 
have given above.'' 

90. The following article on " SydrauUa Lifts" is from tl 
" Building Uewa : " — " The ingenious means occasionally reaorteif 
to in the process of scientific experiments are often of the noet 
interesting and original character. Such was that adopted towatdd 
the close of the seventeenth century for testing the comprasfflTOi 
neas of water, known as the Florentine experiment Froceedil " 
upon a knowledge that the solid content of a sphere is grwb 
than that of any other figure of equal surface, and that, cons 
quently, by altering the shape of a sphere, its capacity must b 
reduced, the academy caused a hollow globe to be filled with 
water, then carefuUy closed cmi subjected to pressure. ~ 
I this treatment it was noticed that some of the liquid appeand iii 
' a form of dew upon the suiiace of the metal, and the propc 
f incomprsssibihtj was thereapon assigned to water. This te 
nitinued in acceptation till our countrymen, Canton and Pe^ 
I demonstrated, by experiments of more convincing a 
c is ci>a^nBai.\i\a to tli« Q£.teut of about a twenty tl 
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idth part of its volume for each atmosphere empbj'Qd. (Erstead, 
Callodon, anii Sturm, are also naraea of note in similar iaveatiga- 
tioua. But observntiona of such extreme delicacy are rather 
scientifically intereating than practically available, and the altera- 
tion of volume producible in water by any moderate change of 
preaaure is so insensible as to leave it iu the class, it may be said 
the type, of inelastic and incompressible fluids. It, therefore, 
combines some of the properties of a solid substance with advan- 
tages especially apperttnent to its own class. 

" Solids transmit motion in the direction in which they are 
themselves impressed, but fluids tr&nsmit it equaUy and instau- 
taneously in every direction. This momentary diffusion of mo- 
tion gave rise to Mr. "Wisbaw's ingeniously-contrived hyJcauKc 
telegraph, an invention that, in the absence of galvanism, would 
probably have acquired a permanent celebrity. Ike property of 
temsmitting or exerting pressure simultaneously in all directions 
is peculiar to fluids. If a vessel full of any substance of this na- 
ture have several equal orifices made in various parts of its surface, 
ftnd fitted with pistons, then if any one of these piStons be pressed 
iawarda with a given power, all the others will be pressed out- 
varda with the same force. All tho pistons except the first may 
be collected into one contiguous movable surface, and the weights 
or forces must l>e also collected and applied to preserve equiU- 
hriom. Taking the area of the first piston as 1, and that of the 
ooUected series as 10, the ratio of power will be similar, and ten 
pounds will be requisite on the larger to counteract a single pound 
on the smaller. Tliis principle is popularly illustrated by a 
aUnpIe macJiine known as the hydrostatic bellows, and thus made : 
■ — Two boards of equal size have a ■water-tight flexible substance 
(as leather) firmly jixed to their respective edges, so that the ves- 
sel thus formed may expand and collapse freely. A small ver- 
tical pipe communicates with the interior, and if water be poured 
iavn this pipe, the upper board (rill rise, even though loaded with 
a considerable weight, and when raised as high as the apparatus 
allows it will be seen that a short column of water in the small 
pipe ia a sufficient counterpoise for a weight upon the board pro- 
portionate to the increase of sectional area possessed by the hel- 
lo vrs over the pipe. 
^^Llb occurred to Joseph Eramah, the engineer, to a^^tg -^MBsma 
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to the water in the aupply-pipe, and thus was produced the a 
treordinary machine, whether regarded as an elegant adaptatd( 
of physical lows or for its Btupendous power, called BramaU 
Press. To make our future ground secure, it may be well to c< 
sider this contrivance more closely, and the pump he employd 
to force in the water may Iw iirst examined. When, by i' 
action of the piston in an ordinary force-pump, water has enten 
the barrel, from which it cannot again descend, a downward i 
tion of the plunger drives it upwards through a side pipe, b 
this method is objectionable for de«p wells, as the rod is aj 
to bend. To obviate tliis effect, a hollow piston, with a valve 
the upper edge, has been aubstituted for such cases, and this fi 
descends tiirnugh the water in the barrel, but upon drawing ti 
rod up the valve closes and raises tiie water in its passage, 
is preferable for deep wells, as the rod acts tensively, and i 
name of ' lift pumps ' has been appropriately given to this k" 
A third sort has the pole plunger piston, that is to say, a t 
bar of metal fitting loosely to the interior of the barrel, and woi! 
ing through a close collar or stufGng-box. Tiiis was selected I 
llramah for hia press, and instead of tite ordinary valve for pi 
venting the return of the water to the well, he introduced one 
solid metal with a long guide or tail. Sucb, then, waa t' 
dition to which the hydrostatic press had been brought in tl 
time of its inventor, whose useful life closed just half a centi 
1^0. He had fully developed, indeed, the principle of a r 
chine that admitted of new and extended applicaticm, but hard 
of improvement. Among tbose who have extensively and bI 
fully adapted the principle to manufacturing purposes may i 
mentioned Messrs. Maudaley and Fidd, and in connection v ' 
structural works Messrs. Boston and Araoa have acquired p 
eminence. The presses they tiimished for raising the Briteni 
and Conway tuhnlar bridges are extraordinary example^ and « 
of these has Ijcen thus described by the resident engineer of t 
former colossal work ; — ' It consists only of an exceedingly thi 
and heavy iron cylinder, like a mortar; a strong piston orp' 
also of iron, called the ram, works up and down inside this tf 
inder, and is fitted with a leather collar at the shoulder, so 
to be water-tight. "Water is forced into the cylinder by a fon 
f ump through a small hole, which wo may compare to the b 



MiscBLLJUfEOUa.J HYDEAULIC LIFTS. 3«!i 

hole of the gun, and this water gradually forces the piston up. 
Sow, the whole secret of the immensB power of these mu- 
chiuea conaiata simply in the prodigious force with which 
the water ia driven into them, and which, in the present in- 
etftnce, is so great that it would throw the water to a height 
of nearly twenty thousand feet, which is more than five time.^ 
as high as Snowdon, and five thousand feet higher than the sum- 
mit of Mont Blanc ! The whole alfair, in fact, exactly resembles 
the piston of a steam engine; hut instead of using sleam at 
thirty or forty pounds pressure t^ the inch, teater ia used at a 
prassure of eight or nine thousand pounds. The cylinder, of 
course, requires to he very strong to withstand this pressure. The 
sides of the largest of the presses used in raising the Britannia 
tubes are 1 1 iaohea thick, and the weight of the cylinder alone 
16 tons; it is of cast-iron, in one piece. The ram or piston is 
SO inches in diameter. The whole machine complete weighs 
above 40 tons. It is the largest press in the world, aud is, in- 
deed, the moat powerful machine ever constructed ; and, if worked 
to its utmost power, would be alone quite capable of raising one 
of the tubes. Its action, nevertheless, is guided and controlled 
by one man with the most perfect precision and ease. The water 
is forced into the presses by two steam engines of 40-hoisB power 
each, with tubular boilers, as in a locomotive. Tlio diameter of 
the pumps is l-^th inch, and that of the ram being 20 inches, 
their respective areas are in the proportion of I to 354.' Messrs, 
Eaaton and Amos are at present employed in constructing, for 
the Brighton Hotel, a series of hydraulic lifts, which have been 
lately described by Mr. Whichcord, the architect of that edifice. 

" A square shaft or tower, about eight feet across internally, is 
built up the entire height of the hotel, with apertures for com- 
municating with each storey, "Within this shaft the ascending 
room is suspended by a chain passing over a wheel at the top 
and loaded to the proper degree with balance weighta The room 
is fitted up in the manner of a railway carnage, with a central 
lamp, and, the gearing being carefully made and adjusted, it ia 
expected that the motion will be nearly or entirely imperceptible. 
The earliest instance of this sort of " upstairs omnibus " was that 
used at the Colosseum, where steam power was employed for the 
operation ; hat at the Grosvenor, the "WesfcHun^ws, m^ ^^^^^^ 
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large modem Lotels, exomplea vill be foand of the kind no 
under consideration. There is a noticeable difference between tl 
hydraulic machines we have briefly reviewed in jiassing and tha 
Huited for the prtipnlsion of these lifts. Brainah's press i 
capable of exerting enormons power, but the scope of its aoti 
was limited to a few feet. The large ram at the Britaooia biidg 
had but a six feet stroke, and at that interval of height the sppa 
ratus required to bo re-adjusted. It occupied half an hont i] 
rising a couple of yards, and another half hour was consumed ii 
preparation for the next stage. In the domeGtic lift, on the othe 
hand, half a ton is much in exceas of the ordinary load, bnt tJ 
iuad has to be raised by one continaous motion ten titnee as h^^ 
and sixty tiniea as fast. Tho motion is accomplished by tha fi' 
lowing means : — The basement floor may be considered aa tb 
mid-level of the apparatus, and a well most be sunk aa mticd 
below the level as the car is to be raised above it. Iti this wel 
(which may be of small diameter) is sunk the cjKnder o. 
pipe, and within this, fitting loosely, ia the lifting ram or plungg 
consisting of another pipe the whole length of the barrel i 
working closely through a water-tight stuffing box at the, t 
It has Bome resemblance to the pole-plunger of o pump ; l 
ioatead of being soHd, it is hollow, and instead of drawing v 
it ia forced by it 

"At the Brighton Hotel, mutive power will be derived &om. 
cistern at an elevation of more than a hundred and twenty feel 
There are live Hfts, viz. : — one for passengers from the grouad ( 
the fifth, or any intermediate floor, a height of fifty-ai 
wUI be capable of raising half a ton, that is, the weight of eigt 
average peraons of ten stones each, the whole distance in 
jninate ; and is estimated to cost, exclusive of cistern, £600-1 
£650. The second rises from tho basement to the fifth flno^ 
height of seventy-seven feet, and is constructed on a diffeiai 
principle to the foregoing. A horizontal cylinder and piston gii 
motion to rack and pinion gearing, which, acting on a revolvii 
drum, hoists the load. Its power is equal to a weight of 8 
liundred pounds, and the cost ia calculated at .£400 tc £4S> 
The third lift, for raising wine from the cellar to the bar, or 
height of sixteen feet ; and one of the same n 
dianeta from lbs tosemeuWi *iQa\ai^a cQ'S'iB/-wra\tt, haw 
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lively a. power of fifty pounds and a hundred pounds, and coat £75 
and J115. 

" Tho remaining lift ciimes dinnare and pMvisions from the 
basement to any-of the five superior storeys. It rises eighty feel^ 
has a power of one hundred pounds, and is estimated to cost £300. 
" In the construction of these lifta, safety, emoothnesa of action, 
and precisian in stopping and starticg, are said to have heen well 
attended to, and complete means of communication by bells and 
speaking tnhes are provided at all the stages. The system is 
presumed to be adequate to the requirements of the large estab- 
Uahmeat it is intended to servo, as well as to remove the other- 
wise mitutal objection to the upper storeys. 

"It is observed that the application of hydraulic power to 
buildings may be pniductive of important changes in their ar- 
mjigement, and the architect of the Brighton Hotel thinks the 
terdy employment of this power in London is chiefly due to the 
low pressure of the water supply. He conceives that a perfect 
Byatem of water-works should provide ia every street, or at least 
Id the principal thoroughfares, ' a main pipe, the pressure in 
vhicb. should always be capable o£ throwing jets o£ water in 
sufficient volume to put out any ordinary fire without the use of 
engines.' We agree with Mr. "Whichcord's opinion concerning the 
convenience of lifts in all large establishments, such as hospitals, 
hotels, offices, and domestic buildings ; we will even go a step in 
advance and pronounce that, in this particular department of its 
application, hydraulic science is as yet but in its infancy, and 
' that, when the intellects of our architects and engineers are faii'ly 
! diiBcted to the object, it will bo found that, by the combination 
' of pneumatic springs, or otlier ausiliaries, hoists of much greater 
power than those we have been considering will become common 
in warehirases, post-offices, and banks. Remove, for instance, 
ttom the great postal edifice in St. Martin's-Ie-Grand the obstacles 
' presented by its stairs, and the area of the whole building would 
lie as good as doubled ; vanquish the exhausting power of height, 
, iud we sliall see storey peep o'er storey, as Pope saw ' Alps on 
Alps arise.' " 

91. Wheel-Gidiing Mackinee. — "It is scarcely necessary to 
ijige," says ' the Mechanics' Magazine,' " upoij any practical me- 
' ^.the great value o£&guoiLwhuul-eaU^g'ma)£uua. \siW'*t^^ 
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known that thia description of special tool was amongst the fiial 
machines that made their appearance in English engineers' n 
sbops. Mesara. Fox, of Derbj, appear to have been the origift 
ators in England of an engineer'a tool for catting and dividing 
the teeth of wheels. Braes wheels and wooden-wheel pattern 
of a smaller diameter than six inches, and of fine pitches, havs 
their rima generally cast to the depth of their teeth, which a 
divided and cut out of the casting by the machine. Circular, c 
rose-outtera, are often formed in the same way, 

" If a cast-iron toothed wheel be cast perfectly true, it is, c 
course, better to leave it untrimmed. To take the skin off ^ 
casting, always reduces its strength, but it also diminishea t 
duration of the teeth of a wheel The skin on a casting is n 
what like the skin produced by case'liardening a piece of wrought 
iron. For many years Mr, "Whitworth has turned out the change 
wheels of hie lathes, &c., without any trimming. Larger wheels 
however, are often trimmed up, as it is not eo easy to cast a laig^ 
toothed wheel quite true. Tlie wooden cogs of mortice wheeli 
ore also generally shaped by hand, and this is more especially tl 
case with the cogs of bevel gearing. Cast-iron wheels intends* 
to work with mortice wheels, generally have their teeth trim 
up by hand. This is a costly and tedious operation, but its ne 
cessity is apparent. The wooden cogs of a mortice wheel wouk 
be speedily worn away by the rough surface of cast-iron teeth. 

" Steel circular cutters of the exact shape of the tooth e 
generally used for cutting spur-wheels. It will be seen at on 
that it would be impossible to cut a bevel tooth by means of i 
circular cutter, without setting the cutter at an angle. The teeti 
of a bevel-wheel, of course, advance and recede, both as to dep^ 
and breadth. Even when a correct circular cutter is used, tbt 
wheel is not completely finished by this process ; it must 1 
trimmed up by hand-iiling. It ia acarcely possible to get a oc 
rect bevel-wheel by means of a circular cutter. 

" In our Buraber for October 34th, 1862, p. 253, under tl 
heading of ' Machine-tool Substitutes for the File,' we alluded S 
some length to the subject of circular cutters, and we there pro 
posed to make a circular cutter for iron upon the same plan 
the cutters used in ' Eiddell's patent oat-miUa,' It is evic 
that the circolKc cattera uae^L im *« V«%\.--cra&tu^% machines migh 
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be made in the same way. Circular enttera, formed of one pieco 
of ateel, often spring while being hardened, and are also very liable 
to warp while undei^ing this latter opetatioiL When in use, 
eboold any teeth be broken off, the whole cutter miist be tnrned 
up, softened down, and re-cut. There is also a difficulty in 
sharpening the edges of the teeth when the cutter gets worn. 
Mr. James Nasmyth, of Patricrift, some thirty years ago, made 
circular cutters out of a number of separate knives, in the follow- 
ing manner ; — 

" He built up the cireular cutter out of a number of separate 
atee! cutters, the inside of each cutter being of a ivedgo shape, 
and the whole number required were arranged in radii from the 
centre of the disc. A wrought-iron ring was shruuk on the cir- 
cular bundle of cutters, so that it could be turned np in the lathe, 
just as if the cutter were in one solid piece. One side of the 
cutters is first turned up, and is then iitted into the chuck of the 
urcular shaping or wheel-cutting machine. Ihe chuck is fur- 
nished with a set-screw, and this screw is caused to press upon 
one of the separate cutters, which thus acts aa a wedge between 
the other cutters. The wrought-iron ring is then knocked off, 
and the other pMt of the circular cutter is turned up in the 
latbea, so that all the separate knives or cutters are of the same 
shape. 

" On slackening the set-screw, the separate knives can be easily 
ta^en out of the chuck, and filed up to the required shape. On 
"b^g properly hardened, the knives are replaced in the chuck. 
Tbey are then screwed up by the set-screw, and the whole ciroulap 
«utter is thus ready for usa Before the modem improvements 
ii moulding, enabUng us to cast wheels with greater precision, 
■wheel-cutting and dividing machines seem to have been in greater 
demand than at present. We have seen, in an old German 
periodical for 1843, a design for forming a circular cutter for 
toothed wheels, upon a plan somewhat similar to that of Mr. 
^aamyth. The German design was avowedly suggested by Mr. 
ZKaamyth's cutter. A circular cntter for the teeth of wheels must, 
«f course, cut on three sides, taking up the sides and bottoms of 
■the teetk This kind of circular cutter must also be fixed on a 
.anondrel, and requires to take the shape of a wheeL It is thu* 
oible to fix such a cuttei on the chucV ot a. '\&s:i^ -, Sii> -Q!s»& 
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be iuJependent of all sucli support. I'he way described was thf 
foltowing : — The aeparate cutters were filed up to a wedge sliap^ 
and arranged in radii together ; a wrouglit-iron ring being thtn 
shrank oa the nhole. This steel diac naa then placed c 
lathe, and the centre bored out to the size of the spindle npoii 
which it WM to be fixed. The disc was then fixed on a mamiw], 
properly turned up to the required ehape, and a circular giooTS 
was then formed some distance &om the centi'e. This groove 
ivaa made of a conical or bevelled shape, and a ring was 
into this groove. The ring thus keeps the separate cutters to- 
gether, when the outside ring is taken off If this inside ring 
be once tightly driven into the groove, the outside ring eai 
be taken ofT. The steel disc or cutter is then placed en i 
drel, and turned up in a lathe to the required shape. There a 
a boss on the spindle of the circular cutter, and a nut is » 
up against the other side. The separate cutters are thus kejit 
from being pressed out These independent cutters can also 
separately taken out, sharpened, and hardened, just like i 
Nasmyth's cuttera. 

" In onr volume for 1849 will be found a self-acting method 
proposed by a student of St, John's, Cambridge, for cutting ti 
teeth of the drivers of pin wheels or trundles. "We do not knot 
whether this plan has ever been carried out. 

" There were three machines in the International Eshilfttia 

for cutting the teeth of wheels ; two of these used circular outtffl 

(Jne was exhibited by Mr. Whitworth, of Manchester, and fignn 

ill the western annex. The second machine was sent by Cm 

and Sons ; it was intended more especially for borologicai wbed 

and was on the eame general principle as Mr. Whitworth's macluiil 

The machine exhibited in the International Exhibition by IJ 

"Whitworth was intended to out spur, bevel, or screw wheelSj i 

metal or wood. It conld cut wheels up to ten feet in diamrt 

This machine consisted of a long bed, similar to a lathe bed, 

1 circular cutter was used, wliich was intended to be set at an ail{^ 

^rhen bevel-wheels were required. The circular cutter waa 08 

Hn^ttl spindle, working in an adjustable headstock. The ^ 

^^^Htttnitter could be varied to suit wood or metal The trlu 

^^^^■taiated upon was lixecl on the end of a mandrel fitted! 

^^^^■ynglwb. Then vioa «il w^ukci dividing apptna 
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])itching the teeth. This machin'e is amongst the best tools of 
Mr. Whitworth, It, no doubt, does its work very efficiently, with 
respect to spur and screw-wheels, but it is subject to the ohjeo- 
tiona we have previously alluded to j when speaking of cutting 
out bevel-wheels by means of a eiroiilar cutter. The third wheel- 
cutting machine was eshibited by John Hunt and Co., of Bow. 
We have also heard of this firm in connection with anti-friction 
metal bearinga, It was a special tool for dividing and cutting 
"bevel gearing. Although in an out-of-the-way corner, it excited 
some attention, from its exquisite ingenuity, and as an example 
of right adaptation of means to an end, Xlie attendant asserted 
that the machine could pitch and trim more wheels in one day 
than could be achieved in a week by a good millwright. The 
tippaiatus consists, essentially, of a shaping machine with a re- 
ciprocating tool This tool has a stroke of about three incliea. 
The slide is made upon the plan first adopted by Mr. Nasmyth, 
of Patricrift, The tool box slidea on a top and bottom V, and 
ia therefore Jess subject to any side deviation through wear. In 
front of the tool-holder are two fixed bearings, carrying a cross 
shaft, through the centre of which is a socket holding a mandrel 
On the bottom end of this mandrel is fixed the wheel or pattern 
to be operated upon. On the top end is adjusted the dividing 
plate or apparatus. This mandrel has a motion on a vertical 
plane, and another motion horizontally ; out of a composition of 
these two movements, the varying depth and breadth of the 
bevel teeth are produced. The vertical motion is obtained by 
means of a worm working in a toothed segment. The feed mo- 
tion is communicated by a cam on the driving shaft working into 
a ratchet wheel. This wheel, in its turn, works the worm and 
Mgment. The depth of tooth for the bevel gearing ia thus 
nbtained. The form of the teeth is produced by means of a lever 
attached to the mandrel on which the work is fixed. In the other 
end of the lever is fixed the shape of the tooth upon a somewhat 
increased scale. This templet acts against a steel straight-edge 
on a line with the tool. The vertical motion acting upon this 
lever works the tooth down, and thus transmits the motion from 
the templet to the tooth of the wlieel being produced. The tem- 
plet is kept against the steel straight-edge by means of a spring, 
^^g>»«B ic^Bjaora apring and detent mo\asai, ^iiiswnan, '*«» 
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Teitical movement out of gear when the tool reaches the bottom 
tooth. The dividing plate, to which we alluded before, is 
set by hand when each tooth is Itnished, and it is kept in position 
by a lever and point. This lever is adjustable, in order to regu- 
late the thickness of the teeth. The pitch is given by the holes 
in the plBt«. Alter cutting one side of the teeth, round the whole 
circumference of the wheel, a l«ft-handed cutter is substituted for 
the previoTis tool, which we will suppose to have been right- 
handed. The templet or shaper is also changed to the other eid& 
The machine is thi?n put in motion to complete the shape of the 
teeth. 

" In our volume 62, for 1850, p. 97, will be found an account 
(extracted from the Franklin, Journal) of ' a machine for cutting 
teeth for bevelled gear,' then jiatented in America by Cieo^ K 
Corliss. The machine ia not illustrated, but, os far as can bo 
gathered from the description, its principle is slightly similar to 
the machine of Messrs. Hunt and Co. ' A reciprocating cnttu 
that moves in a slide is used, which cutter vibrates on an axi» 
that coincides, or nearly so, with the apes of a cone representing 
the bevel of the wheel to be cut, and by which vibration the 
depth of the cut ia determined.' It is thus seen that the reeip-- 
rocating cutter is adjustable. 

" The viork is adjustable ia Messrs. Hunt and Co.'s ananga- 
inent." 

92. "Self-Slopping Gear for Tools. — It has lately become thft 
practice for a certain class of machinists to afOx self-acting gear to 
lathes and similar tools, so that when the carriage reaches a sped- 
iied point, either the feed is thrown out and the carriage stops, td 
else both, feed and lathe are stopped and the work thus saved front 
injury. This is a good plan, and one that might be generaUy 
adopted with economy on every machine. Such an attachment 
would be cheap, and might save ten times its cost at times when 
either accident or carelessness had jeopardized the tools. IV 
amounts to an insurance from damage upon the tools so fitted ^ 
and certainly any manufacturer who has paid for broken gear and 
brackets, or stripped nuts in the feeding apparatus, will acknow- 
ledge that anything which promises immunity from such disable- 
meat is worth attending to. It may be said that if a man pay| 
flitention to Ma buainsaa ^le w m ini ian^t rf bceaking tgiB 
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but that is not a good argument against the artoption of pre- 
ventivea against loss ; for accidents 'will happen in the beat regu- 
lated shops, and after the wreck of raachinery lays on the floor 
it is hard to look at it and say ' This might haye been ^niarded 
against by a little forethought and the outlay of a few dollars,' 
Such attachments as we have advocated cost but little primarily, 
but may save large sums in repairs and rebuilding tools. In 
addition to these improvements much advancement has been made 
ill adapting lathes and other machines to do work that has until 
recently been accomplished only by the use of several cutters shaped 
for a special purpose. As, for instance, the curves in the necks 
of connecting-rods, valve stems, &e. ; also the octagons, or hexa- 
gons, which are sometimes formed upon the same parts of an en- 
pne, In some shops in this country these are done wholly by 
the lathe itself, automatically, it may be said, since the turner 
has nothing to do but to keep his took sharp and the work running 
and the ends shape themselves, 'rough-hew them' how the pre- 
TiouB operator will. 

"These additions are also a safeguard against idleness on the 
part of shiftless men, for the lathe stops when the feed has reached 
a certain point ; and if the turner te off gossiping, or otherwise 
neglecting his duty, the result is shown by the action of the aeK- 
stopping arrangement and subsequent inaction of the tool In 
many ways these simple attachments commend themselves, and 
employers, enterprising meehanica, and others, should see that 
their tools are so fitted without delay." — Scientific American, 

93, Ej^periments with Took Needed. — On this subject, which 
Bottetimes has been singularly overlooked, the " Scientific Ameri- 
can'' has the following remarks ; — " Theory is one thing and 
practice another, and sometimes it happens, very awkwardly, that 
the experience of the workshop refuses to agree with the laws 
philosophers lay down. Just at this time the interest in the 
economy of working steam is very great; whether it shall be used 
expansively or non-expansively for some purposes is still a mooted 
point, but the experiments now going forward will settle this 
Texed question, we hope, at once and for ever. 

" There is another and a very important point in the economy 
of the workshop, which is the power required to drive tools. Let 
B Jtnow what is the beat form for a. roughing IckA. O'liX. (AVAV 
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1 turners hut one wilt \>e faund irho hoa a Uytl that ci 
ftt sU, the rent merely grate or tickle the top of the met«tl, ao (i 
Home few mieemhle taepiiigs are taken o£ That tbia is & mam- 
fest loM to the cmnpaiiy or proprietor is evident, and proceeds 
solely from a want of knowledge of the right principles. To al>- 
taia the knowledge in qneetion we mib<t experiment, not gasss, 
and we think that a seriea of trials, with a view to ascertain ti 
beet form of edge for a roaghing tool, would not be time thrDwa 
away. 

" A good pluD would be to take a small lathe and & trm d 
gearing similar to those used for charn powers. Let a pullt^ b 
applied to thi^ gearing and a belt from it directly to the lath^ 
A weight suspended IJom the drum of the gearing woolil reptfr 
sent tlie power. Now, let a tool be put in the eltde-re^ and m' 
to work with a stated feed, speed, and depth of cut The ti 
required to tun 1 inch, or more, should be accuiately mited, s 
the tool removed and replaced by another. This, in turn, aboolli 
be carefully watched, and the result recorded. In this way 4J)i 
diamond-point, the round-nose, the side-tool, the ' no kind of tool/ 
would all find their appropriate places, and the results wottld ahoi 
very satlsiaclorily, if the experiments were well conducted, hat) 
much power was required to cut 1 inch, with given feed a 
speed and depth of cut. Of course, the same shaft should b 
u.sed for all the tools to cut on. The conditions would not varj 
with larger outs and heavier feed. Another point giuned woult 
lie the knowludge of how mncli horso-power, expressed in fwjfc 
pounds by the fall of the weight in a given time, was reqnirsi 
for a certain number of lathes of a known length of shears ani 
swing. Koughing off work is the heaviest that is done on i 
lathe, if we except cutting screws of quick pitches, and Uie e; 
pression would be the maximum power requited for a maohtu 
shop. 

" Much other interesting and valuable information might b 
obtained which does not now occur to us; for instance, theloa 
of time and money through working with dull tools, or those tl 
were too soft, &c., and we hope that some enterprising J 
or manufacturer will think it worth while to institute these e 
periments." 
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W 94. Ths Laws of Fndion. — "Friction, under a great variety 
' of conditiona, though not undor all possible ones of practical oi;- 

Icorrence — so ably investigated many years ago by Coloumb, and 
afterwarila by Morin — has been submitted to a new course of ex- 
periments by M. H. Eochet, whose results have been corarauni- 
\ catedin 1859 and 1 861 in Memoirs to the Academy of Sciences 
' of Paris. 

" They are of an important character in a practical light, and 
tend materially to modify tlie fundamental laws of friction as 
enunciated by Morin, viz,, that its co-efficient is independent of 
extent of surface, or of velocity, and is proportionate to the pres- 
sQre only. 

" M. Bochet's experiments were conducted upon oases ofslidiw/ 
only, and at all velocities between and 25 metres per second, 
.Mid were made on iron of various degrees of polish — on various 
woods, hard and soft, wet and dry, resinous and non-resinons — 
on leather and gutta percha — and with laige variations of surface 
rubbed. 

" In all cases the frictional surfaces were drt^ed, under the 
known weights of railway wa^ooa, over the surfaces of rails, in very 
various states — wet, dry, rough, pohshed, and oiled. He has also 
rtadied afresh the subject of the friction at starting from rest into 
motion, which Morin announced was always greater than the fric- 
tion for continued motion. He deacrilws with care the precautions 
taken to ensure exactness, and the dynamometer and other in- 
(itruments employed by him in obtaining his reaults, which are 
given graphically by curves, &c. 

" The following are amongst some of the most important of the 
reenlts he has arrived at : — 

" lat Friction, under conditions apparently perfectly identical, 
is never precisely alike, so that its amount cannot be represented 
by a well-defined curved line {une courbe unigua), but by a zone, 
through which a mean curve may be viewed as the nearest ca- 
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" 24 Friction diminisltea with the velocity, all other things bein] 
the same. 

" 3d. Friction varies with the surface rubbed (ccEteris paribtu^ 
or with the gpesifie preaaure, i.e., the pressure on the unit of su? 
face. The limits of variation are very amall when the specife 
pressare and the velocity are both very small ; but becomes e 
Bible when either is great. 

" M. Bochet deenw further experiments needful to discover tl 
exact law of tJiis variation. 

" 4th. The friction of wood on iron rails varies within ■* 
limits, aceording as the rails are dry, moistened, or greased. 
the contrary, iron on iron rails, so long as the specific preBSOie u 
very great (as in the case of a wheel applied at a single point 
of its cineumference to the rail), has almost pteeiaely the a 
friction, whether the rails be dry, mniat, or even greased. Thia 
result, assuming it perfectly established, quite conlUcts with tbs 
popular notion, and that accepted amongst railway engineer^ whioh 
attributes eUppage, &ic., to moist or greasy rails. 

" 5th. The stale of polish powerfuUy influences the friction ol 
iron on iron — much lesc so that of wood on iron, 

" 6th. The friction of dry wood on iron is greatly in exi 
that of iron on iron. 

" 7th. The influence of the juices, resinous or otherwise, o 
fresh woods, is small on their friclioii, unless in the ease oj 
ons woods moistened with water, in which ease it is laigely ii 
creased. Soft woods have a. larger co-^&cient of friotion thsg 
hard ones. 

" 8th. There is no special increase of friction on starting & 
rest to motion, except for wood or leather, on moist or greaset 
rails; in all casea of these pressures on dry rails, gutta penha 01 
rails moiat or dry, iron on iron rails, Sty, raoist, or greased; t' 
fiiction at starting (/rottemenl du depart) is precisely tlie sai 
as that of a low velocity. The starting friction is greater, hov 
ever, at high velocities; and in the cases first named, th^ 
starting friction is double that corresponding to slow onifbn 
motion. 

"There are three physical conditions, viz., molecular attiactioi 

ronglmesa of surface, and speciality of abrasion in rubbing, -^rfiid 

I Acting more or less together, appear to M. Bochet eufficient I 
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BOunt for all his observed fecta. The following general formula 
b considera to expreaa iiis reaulta siifficieatly nearly — 
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^vUch F is the valae of the Miction or ira co-efficieut ; p = the 



"K and 1/ ara two co-efficients, separately variable, according 

Jfiondition. The value of K being always greater (more or leas) 

ft that o{ 1/; a ^ a third co-efBeient, probably slightly vaiiable, 

e with an unknown law, but ■which may be viewed 

h. auJficient exactness as constant, and =^ 03 when the velocity, 

n metres per second. 
S'Kand y vary with the materials, their state of surfaces, &c., 
I have lai^ge hmits. 

c frictions are between soit wood and leather, 
a pereha, &c, and dry iron rails, in which K ^ 0'70 fre- 
mtly, occasionally falhng to 0^40 — usually = 060, for soft, 
0"55 for hard woods. 

. on iron rails, unless the surfeices be very large and 
= 0-40 to 0-26. 

" Polished iron on polished rails, K= 030 to 0-20, aad occa- 
y as low as 0^1 2. Wood or leather on greased rsil^ K. = 
i down to 0'06, at very small velocities. The value of 
a vastly with dtfl'erent substances and conditions; but the 
' s original value, the more rapidly its value diminishes 
rease of velocity, so that, in all substances, and in all 
, the tendency is for the value of F to become the same at 
mely high velocities; in fact, it maybe said that, with v 
F is constant for all bodies and all conditions of friction, 
t^ probably, then its value becomes = 0. This is one of 
ft important deductions from this investigation, which is 
f experimental in its character. One conclusion, we may 
3, at once flows from it, viz.^ that the friction of projectiles, 
g the piece, is very small, and cannot be calculated on 
ly-received laws of friction as delivered by Morin; and 
a in the case of the compressed lead of the Armstrong 
e amount of friction may be greatly less than it has been 
1; Emdagjin, ' 



LK.^i«!C\s«v 



r 



ENGIHEERING FACTS. [Di*. XIT. 

undeformed projectile ia passiog through an iron or othw 
target may be greatly less thiia haa been imagined." — Praciieat 
Mechanica Journal. 

95. The Concentration of Power. — " On the concentration uf ' 
power depends," saya the " Mechanics' Mt^azine," " the solution 
of important meclianicul problems daily encountered by the 
gineer in the practice of his prafession. In its practical form the 
concentration of power ia embodied in the reduction of the dimen- 
sions of any motor to minimum limits, no matter what its indi- 
vidual oonstntction, or the nature of the principles under whoas 
adminiatration it gives forth power. The problem thus stated ' 
voives in its solution many points of technical detail, which CU 
only meet with proper treatment at the hands of those practicAlly, 
aa well us theoretically, acquainted with the working of machbeiy, 
because all the difBcultiea met with in dealing with ainall mfr 
chines intended to develop a high power are eiicountered in theif 
working, seldom or never in their mere constrnction. Tha wbola 
Buhjoot is one possessing no common interest, the struggle for 
concentrated power having produced some of the i 
and important mechanical arrangements ever called into exietenoe 
by the escogitations of mankind. 

"It ia needlEisa to complicate the subject just now by any dis- 
quisition on the origin of power. We know that no machine, 
or system of machines, however complex or ingenious 
struction, can do more than direct into the required chuinell 
certain proportions of those forces which are developed hy 
ticular laws of nature over which we possess a very limited 
troL To originate power in themselves is beyond the captdif/- 
of wood, iron, stone, or, in short, any constructive materials i' 
iiur disposal The water-wheel stands still until the stream 
permitted to flow into its buckets; but the stream does ul 
possess volition — it also would stand sttll but for the setica 
of Rravitation, a force in the abstract wholly independent ^ 
man's control or influence; obeying certain well-known lal 
k &om which it never departs, and perpetually operating 
I out the entire uniTerse. Why a larger body should 
La smaller one we do not know; we can only recognise d 
Lfiv&il ourselves of the fact. In like manner the steam engine 
Ho^^^su q£ domg moK ''^a^ ca\i'^«,'din% to useful Jl^^Pf|M^ 
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^^MRtaiu proportion of the force stored up in the fuel which, heate 
^Hte water from which the steam is raised. In either the fall of 
^^HBtter or the combustion of fuel a certain force is merely set &ee 
^^nir called into action ; it is never created by the aid of machinery, 
I of the existence of which all the forces in nature are wholly and 
entirely independent. Thus, whenever a pound of coal undergoes 
the process of combustion, power previously stored up is set free ; 
and precisely the same roedianiGal effort is requisite to evaporate 
a pound of water in an open vessel as in a closed generator con- 
nected with a steam cylinder and piston. Were it not that pure 
force or power has existence independently of mechanism, there 
would be little room for improvement in the construction of ma- 
dLines. We should expect to find their dimensions bear an in- 
variable proportion to the amount of power which they were in- 
I tended to produce, while tbe least possible variety would be per- 
mitted in matters of detail, on which their workiog would doubt- 
less almost, if not altogether, depend. It is therefore perhaps, 
fortunate that the existence of power is wholly separate and dis- 
tinct from that of machinery, for, as it is in the abstract incapable 
of change or alteration in its nature, we are enabled to adopt just 
that arraugeraent of wood, iron, &c, in separate parts which we 
find most convenient, well knowiugthat so long as a few taws are 
attended to which will prevent the waste of force, its nature, char- 
acter, or eKJatence, can be in no way imperilled. And we thus 
find that the dimensions of a machine really bear no relation 
whatever to the amount of power which it may render available 
other than those which are impressed by certain properties of the 
inaterialfl of which it is composed, such as their tensile or trans- 
▼erse strengtli, their liability to wear by Iriction, and the nature 
of the modes by which the developed forces are subsequently 
transmitted. la practice we meet with instances of the truth 
of this proposition continually. The ponderous Comiah engine, 
with all its arrangements of colossal beam, huge cylinder, and vast 
boilers, develops less power, perhaps, than the little locomotive 
which hauls a train of coal waggrma laden with material for the 
supply of its furnaces. It is needless to multiply examples with 
which all our readers most be autficiently bmiliar. 

"Power is force in motion, and therefore the question of rela- 
J <i¥a TdoeJiy Lii a matter <rf great importaneft Sn. 'itaa wswWtnafeH^ 
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of all miLchine^ but more especially of those which ai 
to concentrate a great capacity for work in a very small compasa 
Most of the forces at oiir disposal will operate, under certain, cob 
ditions, at any speed deemed most desirable. These condition 
are in general easily securad, and, therefore, we find that nothiuj 
but considerationB, totally apart from the development of po^B 
per se, prevent as from tesarting to the use of even niii 
mechanism whenever its employment becomes desirable from 
exigencies of situation, &q. Practically speaking, the great o^ 
stacle to the concentration of power is found inftiction. 
strain being placed at our disposal, the amount of mechanioi 
effect, 01, more exactly, power, which that force or strain can gii« 
out, will be measured directly by the space which it passes ovS 
in a given time. Consequently, small machines intended to di 
much work must run at a high speed. A resiatance of 1 lb. ovra 
come at a speed i)f 33,000 ft. per minute, is a horse power jof 
as much as 33,000 lb. overcome at the velocity of 1 ft. ; butiS 
high speeds all the trouble ever given by friction becomes n 
fied, and special arrangements for lubrication, and particular fonm' 
and dimensions for the rubbing parts or surfaces must be adopted, 
or the machine will altogether fail in the perfonnance of its duties 
When the friction problem is solved no difficulty whatever n 
met with in the concentration of power, provided the conditJc 
under which that power is produced in tiie first instance, by ai 
one or other of the natural forces, are complied with. Thus,l 
cannon ball, at tlie moment it leaves the muzzle in its flight 9 
the very impersonation of concentrated power due to high vela 
city. This, perhaps, is scarcely an instance strictly analogoufl tf 
any thing found in machinery. Turbines, however, now a 
then furnish fine examples of the production of immense p 
within a very small space. At St. Blazier, in the Black Few 
a Fouraeyron turbine, only 20 in. diameter, under a fell of VA 
ft., gives 66 horse power, although its entire weight is hat Ifl 
lbs. Another turbine at the same place, of but 13 in. i: 
meter, uudera head of 351ft., makes 3,200 revolutions perminttl 
using 1 cubic foot of water per second, and driving 8,000 spin 
besides looms, &c, in the mill to which it is attached. 
miJlfl, spindles are fret^uently driven at 1 1,000 revolntaons { 
niinute. Now, it one oS ftieae s^-oSies. Ss, ?M»Mi with a diA^4 
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in. in diameter, its pecipiiarj will attain tlie enornwus veltwity of 

33,000 ft. per miimte, ami therefore it will require juat 1 lb. of 

resistance at this periphery to render a horse power necessary to 

overcome it ; and vice versa, were the force impressed on the disc 

sufficient to overcome this resistance, it would give out a horse 

power. The late Mr. Eichard Roberts has driven apindlea for tlie 

purpose of experiment, at 60,000 revolutions per minute ; a 

greater speed, perhaps, than was ever befitre attempted in any 

machina High speed lathes, circular saws, and some other iiia- 

ohinea supply us with examples, where an immense amount oi* 

I power is concentrated within a very small space. These are, 

r towever, strictly speaking, negative examples illustrating the 

I eypeaditure, rather than the development, of force. 

" Aa tlie power of steam is the most universally applicable of 
all the forces used for driving machinery, its concentration becomes 
a matter invested with con side rttble importance. A great deal 
has Ijeen done in the production of small high speed engines of 
late years, but a great deal more remains to be done before the 
principle can be regarded as approaching those limits, beyond 
which it may he neither safe nor pmdent to carry it. The 'Great 
Britain' locomotive has frequently given out 1,000 horse power 
for many minutes together, with a pair of 18-in. cyKnders 24-in. 
atroke, the weight of the engine in worting order being little 
over 36 tons, or, with the tender, 50 tons. This may, perhaps, 
be considered as a maximum effort which it would not be advis- 
able to attempt to maintain. Taking the work done, then, at 
bat half this, or 500 horse power, we have still over 14 horse 
power per ton ; or, if we neglect the weight of the wheels as in 
no way necessary to the development of this power, we have at 
least 16 horse power per ton of niachineiy. One of the steam 
fire engines, tried last year at Sydenham, developed nearly 30 
liorse power, the weight being tinder 50 cwt. This estimate of 
I power does not pretend to strict accuracy, as the indicator was 
sed, and the power was calculated merely at an assumed 
Kjpressuje, some 30 or 30 Ihs. less than that in the boiler. Still 
-._Jif we disregard the weight of the wheels, driving seats, &c, we 
fad that the amount of power daveloped very nearly equals that 
Ktf a first-class locomotive, we^ht for weight. Modern exQteafi 
W^ve out SdOhone power as a msl^et <3l Ak&j owsoiMawc 
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^^F and even goods' engines sometimes a great deal more, it is ne< 
^^r Ihhs to say that tu all these cases the power is oMmned by 
^H extremely high velocity of piston. In stutionai; engines, seldoio 
^H euntlued in space, the march of improvement goes slowly, bd^ 
^H nevertheless, steadily on ; and we trust ere long to see the clumsj 
^H beam and its appendages banished for ever in favour of high speej 
^F horizontal engines, working ejcpansively, The 'Allen' engine^ 
exhibited in 1863, inaugurated a change of practice, vhich 
slowly making its way. This engine had a piston speed of 60fl 
ft. per minute, and ran 150 levolutiona with an ease, Bteodiai 
^^ and absenue of heating, not greater, perhaps, thoji was to be 
^L pected from the care taken in designing the machine to tha 
^H n.'jiutest details ; but very satisfactory, nevertheless, in that i1 
^H furnished a complete refutation to arguments now and then brought' 
^H forward, and dng up, as it were, from old-fashioned practice, h» 
^H prove that a high speed engine must in the nature of tilings be h 
■ tailure. 

^H " In order, then, to concentrate power, it is only necessary to- 

^H impart a high velocity to some member of a system of mechanisia. 
^H which first receives the direct effect of the original moving fores, 
^V as the piston of a steam engine, or the bucket vanes of a turbina 
So theoretical objections exist to the adoption of this course, 
practical objections are found to reside chiefly in friction, and tha 
difficulties met with in carrying out a complete and thorough 
aygtero of lubrication. In tii.e case of vertical spindles heavily 
loaded, and running at high velocities, it is necessary that t 
footstep should be worked to some curve, wliich will extend thd 
bearing surface and prevent the extrusion of the lubricant. In 
the case of steam engines, th« main shaft bearings seldom g 
trouble if properly made, especially if the weight of the fly-whed 
is sufficient to keep the shaft down steadily in the lower brasaetf 
The connecting rod head, with its brasses and the crank-pin, t, 
not so easily dealt with, and it cannot be denied that the annoy- 
ance which these occasion, has done much to retard the introdua 
tion of high speed engines. The fact is, that the brasses ytSi 
not permit of that amount of looseness or play which may e: 
in any other hearings almost ; because of the destructive h 
mering action which ensues. It is not easy to say why tightea 
f a braaa ahonld. maka Vh ^'aaia \ "w* ftai \n. t-^w^-day ^ractiof 
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that a bearing which supports perhaps 1 cwt per sq^uare inch, 
without undue friction so long aa it ia left moderately slack, will 
become almost red hot in a few minutea, if an additional presaure 
of not more than a few pounds per sqnare inch is brought on it 
by screwing down the cap. Until we can give a aatiafactory 
explanation of tbis phenomenon, it ia not easy to see how its 
occurrence can be guarded against. Meanwhile, it is the source 
of all the trouble ever met with from a connecting rod end. The 
beat remedy appears to consist in increasing the bearing aurfaoe 
very considerably, and providing an effectual method of lubrica- 
tion, either by a telescope pipe from an overhead vessel of nil, or, 
in cases where the engine stands for a few houra out of the twenty- 
foQT, by boring a lajge cavity in the crank-pin, and filling it with 
tallow, a transverse aperture conveying the lubricant when melted 
to the sm'faces where its presence is required. Attention to Uttle 
matters of detail and good workmanship are really all that are 
required to ensure the success of any motor running at a high 

" Kot withstanding a great reduction in the dimensions of an 
engine, power can scarcely be aaid to he concentrated while the 
boilers remain very lai^e. In many cases, a umall boiler ia im- 
peratively dictated, and it yet remains to be seen if peculiar ar- 
rangementa cannot he adopted, hy which a very small furnace 
and a fierce combustion will do the work of one much larger with 
equal economy. Hitherto, fire boxes have been rapidly burnt 
out under sttch conditions ; perhaps this has been occasioned by 
the over thickness of the plates. Locomotive fire boxes fre- 
qneutly burn down to a thickness of little more than one-fourth 
of an inch very quickly, although they will last for years without 
much subsequent deterioration, A generator might possibly be 
eraiatructed with excessively thin cold-drawn steel tubea, through 
the substance of which the heat would pass so quickly to the 
water that their destruction would be almost indefinitely re- 
tarded." 

96. Substawiee for preventing and removing Butler Iticrtiata- 
tiom. — " The following ia a list of aubatanoes which Lave been 
used, with more or leas success, in preventing and removing the 
incrustations which are formed hy using hard water in boilers : — 

*^J*otaioet, — By using about oiie-fift,\etii oi yittiuaMfc ^o "aBftij 



JOS ENGINEERING FACTS. [Dir. XI 

weight of water in a boiler, scale will be prevented but not n 
moved. Their action is mechanical ; thej coat the calcareoiu| 
particles in the water, and prevent them from adhering to the 
metal 

" Extract of Tannin. — A mixture has been used of 12 part 
chloride of Eodium, 2^ parts caustic soda, ^th extract of oak bari 
\ of potaehea, for the boilers of stationary and locomotive enginu; 
The principal agent in this appears to be the tannin of the ex 
tract of oak bark. 

" Pieeeg of (M/i-wood suspended in the boiler and renewed 
monthly, prevent all deposit, even from waters containing a la^ 
quantity of lime. The action depends principally npon the U 

" Ammonia. — The muriata of ammonia softens old incrust* 
tiona. Its action ia chemical ; it decomposes the scale. In Hoi 
land it has been used with satisfection in the boilers of It 
tives. About two ounces, placed in a boiler twice per 1 
have kept it cleau, without attacking the metal 

"Fatly Oils. — It is stated that oils and tallow in a boila 
prevent incrustations. A mixture composed of 3 parts of hhek 
lead, and 1 8 parts tallow, applied hot, in coating the interior o 
a boiler, has given great satisfaction in preventing scale. It should 
be applied every few weeks. 

"Molasses. — About 13 pounds of molasses, fed occasiont 
into a boiler of eight-horse power, have served to prevent incnu 
tations for six months. 

" Saw dii^t. — Mahogany and oak saw dust have been used tl 
prevent and remove scale ; but care must be exercised not to allot 
it to elioke up pipes leading to and from the boiler. Cated^ 
contains tannic acid, and has also been used satisfactorily % 
boilers. A very small amount of free tannic acid will attack ^I 
iron ; therefore, a very limited quantity of these substaneea ^ 
be employed. 

" Slippery Elm Bark. — This substance has also been used il 
some success, in preventing and removing incrustatioas, 

" Soda. — The carbonate o£ auda has been recommended 1 
Professors Kuhlman and Freseuius, of Germany, and Ciw 
Calvert, of England. It is now employed with aatisfaetaon i 
the boilers of an^ea Vn "iSjKacVeete^. 
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" Tin Salt. — The chloride of tin ia equal to the muriate of 
ammonia; and ia ainiUar in its action in preventing scale. 

" The Extract of Tobacco and Spent Tarniere' Bark have been 
employed with some degree of satisfaction. The sulphate (not 
the carbooate) of lime is the chief agent in foimlng incrustations. 
By frequent blowing off, incmatationa from carbonate of lime in 
water will be in a great measure prevented." — Scientiflc American. 

97. Soldering. — " Soldering is the art of uniting surfaces of 
metals together by partial fusion, and the insertion of an alloy 
between the edges, which is called solder, it being more fusible 
than the metal which it unitea. Solders are distinguished aa hard 
and soft, according to theii- difficulty of fusioa Hard soldere 
BBnally melt only at a red lioat, but soft solders fuse at lower 
temperatures. In applying solder, it is of the utmost importance 
that the edges to be united should be chemically clean — free from 
oxide — and they should be protected from the air by some flux. 
The common fluxes used in soldering are boi'ax, sal ammoniac, 
and rosin. Hard silver adder is composed of four parte of fine 
silver and one of copper, made into an alloy and rolled into aheets. 
It ia quite diflicult of fuaion, Sc>ft silver solder is composed of 
two parts of silver, one part of brass, and a little arsenic, which 
is added at the last moment in melting them. It will be under- 
stood that these alloys are commonly run into convenient bars or 
strips for use. Silver solders are used for soldering silver work, 
gold, steel, and gun-metaL A neater seam is produced with it 
than with soft solder. It is oommonly fused with the blow-pipe. 
A atrip of thin silver solder is laid on the joint to be closed, the 
Idow-pipe ia brought to bear upon it, when it melts aad runs into 
the joint, filling it up completely. Button solder is employed to 
Bolder white metala, such as mixtures of copper and tin. It is 
composed of tin ten parts, copper sis,, brass four. The capper and 
brass are first melted, then the tin is added. When the whole is 
melted the mixture ia stirred, then poured into cold water and 
granulated, then dried and pulverised in a mortar for nae. This 
is called granulated solder. If two parts of zinc are added to this 
alloy, it makes a more fusible solder. Pine gold, cut into shreds, 
in employed as a solder for joining the parta of chemical apparatus 
made of platinum. Copper, out into shreds, is used as a eoldot 
Mteiwm. Hard alver aoldem are freqoLBi^l'y to^'kbA. \n ywifla^ 
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and used in tliat condition. Soft solder consists of two parts oi 
tin and one of lead. An excellent aolder is made of eqiial p 
of Banca tin and pure lead ; it is naed for soldering tin-plat 
and, if well made, it never ffiils. The following is a nsefol t ' ' 
uf solders, with their fusing pointa : — 



No. 



pBrta (if Tb. 






Melting Aeg. F. 



1 Bbmuth 320 




The aUoy No. 8 is used sometiinea for aoldering cast-iron 9 
steel ; the flus nsed for this purpose ia sal ammoniac, but ci 

1 may be employed. Gold and silver are sometimes solderej 
with pure tin and a flux of resin. Copper, brass, and gun-mets^ 
are soldered with No. 8 and a flux of resin or sal amm 
The chloride of zinc is used for soldering sheet and plate ii 
a llnx with the same i^older. Lead and tin pipes are soldered If 
plumbers with Nob. 6, 7, and 8, and a flux of reain and sweet a 
In soldering with soft brass, the ends of the article to be solderaj 
are secured ti^ether by a wire, and grannlated solder and potT 
dered borax are mixed in a cup with a small quantity of w 
and spread along the joint with a spoon. llie article is 1 
placed in a clear fire, and the aolder melts at a bright red hea) 
when the article is then removed from the fire. In soldeiiiij 
small articles with the blow-pipe, they are supported on a pis 
of charcoal, or, what is better, pnmice-stone, and the Sama 
ejected upon the solder. In soldering lead pipes, the parts 
wbicb the solder ia ncft, to '\» aWwiiiRa. «» •a»iai.\'^ oQvered wi 
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e of Iftmp-black and size. In aoldering any articles, care 

t be exercised to have the edgoa of the plates or articles per- 

lUy clean, or the solder will not adbera A flux is employed 

kthepnipose of preventing oxidation. Eesin and sal ammoniac, 

i and mixed together, m&ke a good fins for copper and 

nt-lroQ Boldering. In other casea, a strong solution of sal 

I to moisten the edges of the joint. Then the 

n is sprinkled upon it, and the solder applied. The chloride 

■ mnc is made by dissolving pieces of zinc in muriatic acid. It 

(^.11611 adapted for soldering zinc plates and pipes, and is applied 

"\ a brush to moisten the edga of the article to he soldered. 

8 solder is then appKed in the usual way with a tooL Zinc 

A very difficult metal to solder, because it is so easily coated with 

' " I, and it also volatilises with heat." — Mechanic^ Magazine. 

f B8. On the Density of Sttam. — The following is an abstract 

a a paper read before the Royal Society of Edinburgh, by W. 

fcaHacquorn Rankiae, C.E, LL.D., r.ItS.S,, London and Edin- 

q[h, &c. 
[- \, " The object of the present paper is to draw a comparison 
results of the mechanical theory of heat, and those 
I the recent experiments of Messrs, Fairhairn and Tate on the 
ifiity of steam, published in the ' Philosophical Transactions ' 
^'1860. 

Gknerai Equatiom ov Thehmodynamios. 

Is. " The equation, which expresses the general law of the 

) between heat and mechanical energy in elastic snb- 

was arrived at, independently and contemporaneously, by 

Bor Clauflius and myself; ha-ving been pubUshed by him in 

jendorff's ' Annalen' for February 1850, and eomraunicated 

Pine to the Eoyal Society of Edinburgh, in a paper which was 

' 1 December 1849, and read on the 4th of February 

The processes followed in the two investigations were 

y different in detail, though identical in principle and reaulte ; 

' BBOi Claueius having deduced the law in question from the 

Eftvftlence of heat and mechanical energy, as proved experimen- 

"f by Mayer and Joule, combined with a principle which had 

a previously applied to the theory of substantial caloric, bj 

\_while by me the same lavr was AaAawA. fawa^S 
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' hypotheaifl of moleculaf vortices,' otherwiae called the 'cen 
theory of elasticity.' 

3. " Although, since the appearance of the paper to which 
have referred, the notation of the general equation of thermodf 
namica has been improved and simplified in my own reel 
as well as in those of others, I shall hece present it, in the fin 
place, precisely in the form in nhich I iirst commnnicated it t 
thia society, in order to show the connection between that ei 
tion, in its original form, and the law of the density of etc 
which has eince been verified by the experiments of Messrs. Fiil 
haim and Tate. The equation, then, aa it originally appeared ij 
the twentieth volume of the ' Transactions of the EoyaJ. Socie^ 
of Edinburgh,' p. 1 6 1 , is as follows : — 






(1) 



in which the symbols have the following meanings : — 

■r, the alisulute tf^mperatnre of an clastic substance, as Dieasored from tl> 
z«ro of gaseous teiiajon, a poiut wbii:h was then estimated to be i 
271°'6 Cent, below tliat of mcltiog ice, but wMch ia now considered i 
be inoro nearly at 27*" Cent., or 4S3°'2 Fah. below that tflmperatnra 
a constant, expresaing tbe beigbton tbe tbermometric ecsleof the 
' ■ ■ ' ■ -dan ofl 

experiments, It ia eitber nml or inseiuible. 
«M, tbe ideal of theoreticnl weight, in the perfectly goHeous stat«, of 

unit nf valmue of tbe sabstuuce, under unity of pressure, at the te 

peratnre of melting ice. 
C, the absobite temperature of melting ice, mBasured from zero of gasec 

tension (that is to say, according to the best existing data, C = S 

Cent, or«3°-2Fah.), 
V, The actual volume of nnity of weight of the substancp. 
!V, An indefinitely smaQ ineroment of that volume. 
Ir, An indefinitoly small increment ot temperature. 
U, A certain fiinction of the molecular farces acting in tbe substance. 
+ JQ', The quantify of heat which appears, or — )Q', tbe quantityoflu 

which diw-ppears during the changes lienoted by IV and Ir, throBj 

"■ 'lions of molecular foroee, independently of heat employed jn p 



rhe equation having been given in the above form, it ia n 
D (in the same volume, p. 163), that the differential cw 



] ON THE DENSITY OF STEAM- 
rfU 1 ^ „rfP 



1 
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" The physical law, of which the general equation just cited 

e Bymhohcal expression, maybe thus stated in words ; — The 

lal tmnsformation of heat and mechanical enei^y during any 

Initely small change in the density and temperature of an elaa- 

Bibstanoe, ia equal to the terapeiature, reckoned from the zero of 

Bute cold, multiplied hy the complete differential of a certain 

nion of the pressure, denaity, and temperature ; which func- 

i is either nearly or exactly equal to the rate of variation with 

feperature of the work performed hy indefinite expansion at a 

' mt temperature. 

" It may he remarked that the quantity, — 

tthjp-Ue, ^+^(hyp, log.V-U)=fthjp. log, r + y^rfV . (4) 

' (ft being the Teal apeciiio heat of the anbstancs In units of mecliBiiicai! 
' ansTgy), is what, in later investigations, I have oalled the ' thermody- 
' naimc Unction ; ' and that liy its use, and by making k^O, eq^uation 
' ia raducsd to the simplified fomi, 

— JQ'=t!^— iSr; ...(B) 

, tut the following notation is more convenient ; — Let !A denote the 
whole heat absorbed by the substance, not in units of meohanical 
J enalgy, but in ordinary thennal nnits, and J the value of an ordinary 
I Bierraal unit in units of mechanical energy, commonly called ' Joule a 
I Bquivnlent,' bo that 

JSft = lt!T— SQ'; 

e general equation of th er in oily n amies takes the form 



.TSA=tS(i 



(8) 



" For the purposes of the present paper, the most convenient 

a of the thermodynamic function is that given in the second 

■ of equation 4 j but it may nevertheless ho stated that, in a 

K read to this society in 1855, and which now lies unpub- 

i in their archives, it was shown that another form of that 
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thing with T^jT^ in eqnatioi 



Application op the General Equation of Therhodtnamics 
TO THE Latent Heat asd Density of Steam. 
7. " At the time when the general equation (1) -was first pub- 
lished, Bufficient experimental data did not exist to warrant its 
application to the computation of the density of a vapour from 
its latent heat. But very aoon afterwards Tarioua points, whicb 
had previously been doubtful, were settled by the experiments of 
Mr. Joule and Professor William Thomson; and, in particular, Mr. 
Joule, by his experiments published in the ' PhiloBophica! Trano- 
actions' for 1850, finally determined the exact value of the 
chanical equivalent of a British unit of heat, to which he had 
been gradually approximating since 1843, — viz., 
J ^ 772 foot-pounds ; 

and Messrs. Joule and Thomson in 1851, 1852, and 1853, mada 
experiments on the free expansion of gases, especially dry a 
and carbonic acid, which establisheil the very near, if not exac 
coincidence of the true scale of absolaf* temperature with that ot 
the perfect gas thermometer ; that is to say, those experimeoti 
proved that » in the equation (l)is 86nsihly = 0, When, withi 
knowledge of these facts, equation (1) is applied to the phen 
menon of the evaporation of a liquid under a constant pressui 
and at a constant temperature, it takes the following form ; — 

JA=rJ(V-i^) . . . . (8) 




absoluts temperabiTC ^^ tempetaturs c 
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P, The prosaure under wMoh tlie sraporatian takes place. 
V, The volume of 1 lb. of the vapour. 
V, The Tolumo of 1 lb. of the liqaid. 

" As the lateat heat of evaporation of various fluids is much 
more accurately known hy direct experiment than the volume or 
density of their vapours, the most useful form in which the equa- 
tion (8) can be put, is that of a formula for computing the vohirae 
of a vapour froin its latent heat, viz. ; — 



JA 



(») 



" 8. Results of this formula were calculated by Messrs. Joule 
and Thomson, and by Prof. Clauaiua for steam, and showed, as 
bad been expected, a greater density and less volume than the 
law of the perfectly gaseous condition would give. Some re- 
snlta of the same kind, and leading to the same conclusion, were 
also computed by me and published in the ' Philosophical Ttans- 
actiona' for 1853-64. But for some years no attempt was made 
by any one to make a table for practical use of the volumes of 
steam from equation (9) ; because the acientific world were in 
duly expectation of the publication of direct experimental te- 
eearches on that subject by M. Regnault. 

"9. At length, in the spring o£ 1855, having occaaion to 
deliver to the class of my predecessor. Professor Gordon, a course 
of lectures on the mechanical action of heat, and fi.Qding it neces- 
aaiy to provide the students with a practical table of densities 
of ateam founded on a more trustworthy basis than the assuinp- 
lioa of the laws of the perfectly gaseous condition, I ventured 
upon the step of preparing a table of the densities of steam for 
flvery eighteenth degree of Fahrenheit's scale, from 86 deg. to 
410 deg. inclusive, with the logarithms of those densities and 
their differences, arranged so as to enable the densities for interme- 
diate temperatures to be calculated by interpolation. Those tables 
'.were published in a lithographed abstract of the course of lectures 
Iwfore mentioned, -which is now out of print. The same tables, 
-however, have since been revised, and extended to every ninth 
<^ fahreuheit, from 32° to 428°, aind Wte >;««&. -^nsAMJi. 
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at the end of a work * On Prime Movers.' An account of the 
original tables was read to the British Association in 1855. 

** 1 0. In the unpublished paper before mentioned, as having 
been read to this society in 1854, the densities of the vapours of 
ether and bisulphuret of carbon, under the pressure of one at- 
mosphere, as Computed by equation (9), are shown to agree exactly 
with those calculated from the chemical composition of those 
vapours. 

"11. The method of using equation (9), to calculate the volume 
of 1 lb. of steam, is as follows : — 

" L Calculate the total heat of evaporation of steam from 32", 
at a given temperature T° on Fahrenheit's scale, by Kegnault's 
well-known formula 1091*7 4- 0305 (T — 32°) . . (10) 

" II. From that total heat subtract the heat required to raise 
1 lb. of water from 32° to T Fah., viz. :— 



f 



32° 

c being the specific heat of water ; the remainder will be the latent 
heat of evaporation of 1 lb. of steam at T° ; that is to say, 

\ = 1091 -7 4- 0-305 (T — 32°)— f^ccTT.. . (11) 

•^ 32° 

" In computing the value of the integral in this formula, use 
has been made of an empirical formula founded on M. Regnault's 
experiments on the specific heat of water, as to which see the 
* Transactions ' of the Society for 1851, viz. : — 

/"To^T^T— T' + 0-000000103 {(T— 39° -1)3— (T'—3n)3]- . (Ha) 

" III. The absolute temperature is given by the formula, 

r = T + 461°-2 Fah (12) 

" IV. The value of r -^ is deduced from the following fo^ 

mula, first pubhshed in the 'Edinburgh Philosophical Joumar fi» 
July, 1849:— 
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com. log. r = 
from which it follows that — 



■■ j-= 2'3028 P 



a+'i): 



the values o£ the constants for steam being — 

A, for pounds of presanre on the sc|narB foot, . . 82591; 

Jng. B for Fnhrenheit's scale, =3'J3842; 

log. C „ „ =6-58873. 

" V. The volume of a cubic foot of liquid water at the tempera- 
ture T may be computed with sufifi-Gieat accuracy for the present 
purpose by the foUowing formula ; — 



i> nearly = 0'0 0801 



(5^+~). 



(15) 



, "VL These preliminary oaleulationa having been made, the 
nrola 9 can now be applied to the oalculation of the volume 

|l lb. of steam (making J = 773) ; and by this process the 
' a already mentioned were computed. 

fPABISON' OF THE KKBDLTa OP ThEOBT WITH THOSE OP MbmM. 
PaIRBAIBK and TatR'B EsPEBIMEUTa 

W? 12. The experiments of Messrs, Fairbairn and Tate on the 
Mpity of steam are described in a paper which was read to the 
^1 Society of London, as the Bakerian lecture, on the lOtb 
iaj, 1860, and published in the 'Philosophical Transactions' 
f &a,t year. The results of tboae experijnents give what is 
~ 1 the ' relative volume ' of steam ; that is, tlie ratio which 
j^Tolnme bears to that of an equal weight of water at the tem- 
s of greatest density, 39°'i Fab. : but in the following 
e cpf comparison each of those relative volumes is divided by 
1*426, the weight of a cubic foot of water at 39°'l in lb,, so 
give the volume of 1 lb. of steam in cubic feet. The num- 
M of the experiments are the same as in the original paper ; 
e made at temperatures below 212° being numbered from t 
i those made at temieratnies abo^ve ^\X tioTti "V ■»! \^ . 
2d 
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Comparison of the Tlieory, with the Experiments of Messn. 

Fairbairn and Tate, 
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I^MABKS ON THE DlFFEBENCES BETWEEN THE THEORETICAL AUD 
ExPEEIMENTAL EeSULTS. 

" 13. The differences between the theory and the experimenta 
aa to the volumes of steam at temperatures below 212°, are, with 
few exceptions, of very small relative amount; and they are at 
the same time so irregular as to show that they must have mainly 
arisen from causes foreign to the data used in the theoretical 
computations. 

" 14. Above 212", also, the differences show irregularity, espe- 
cially in the case of experiments 8' and 9', where a fall of tempera- 
tore is accompanied by a diminution instead of an increase in ths 
volume of one pound of saturated steam, aa determined by ex- 
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nment. But still tfanse ditferences, presenting as they t!o Lii 
Kf case Irat one an excess of the theoretical above the ex- 
Kmental volume, show tliat some ppnnanDnt cause of diaciia- 
Bc7 must have been at work, although they may not he regular 
Bngh to determine it^ nature aind amount, nur largci enough 
■oonfititute errors of importance in practical calculations relating 
■Bteam engines. 

y IS. So far aa it is possible to represent those diffeiences hy 
Bthing like a formula, they agree in a rough way with a con- 
H&t excess of about 0"27 of a cubic foot in the theoretical volmno 
Kuie pound of steam above the experimental volume^ and this 
K represents in a rough way the difference between the curviia, 
Bose ordinatea express respectively the results of the theoretical 
Buula and those of an empirical formula deduced from the es- 
Kmente, so for as those curves, as shown in a pkte annexed to 
K paper referred to, extend thiough the limits of actual ex- 
Imnent on steam, above 213°. 

^P 1 6, As the principles of the me ehanical theory of heat may now 
Konsidored to he estaljliahed beyond question, it is only in the 
Ha of the formula that we can look for causes of error in the 
Bfaetical calculation. I shall now consider those data, with 
^Kenoe to the probability of their containing numerical errors. 
VX~ Toiul Heat nf Enaporation. — It is very improbahie that 
B quantity, aa computed by M. Eegnault'a formula, involves 
B material error. 

HIL Sensible Heat of ike Liquid Water. — ^The empirical for- 
^h from which this quantity is computed was determined from 
^nriments by M. Kegnault, which agree extremely well amongst 
HtiBelTes. (For the investigation of the formula see ' Trans. - 
■al Soc Ediu.' vol. XX., p. 441.) The subtraction of the seu- 
Ba heat from the total heat leaves the latent heat, upon which 
^Kncrease of volume depends ; hence, to account for an error 
BtceBS of the formula for the volume by means of an error in 
»eoinpntation of the sensible heat, it must be supposed that 
^npecific heat of liquid water above 212" increases much mo« 
H3ly than M, Kegnaulfs experiments show, so as to produce 
^■rrespoudingly more rapid diminution in the latent heat of 
^Boration. It is easily computed, for example, than to account 
^fcl^ttOin exceaa of OSJ of a cvftao ftyAmfeft-'S<iB'""y|h 
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e pound of steaia at SG6°, by ttn error in defect in the saaablft 
heat, we luuat suppose that error to amount to about 21 Britial 
thermal unita per pound of water; but suuh an error is altogetha 
improbahle, 

"lEL Absnl'ite Temperature. — The position of the absolataze 
may he considered as eatahhfiiied with a degree of accuracy nhidt 
leaves no room f«r any error sufficient to account for the diffei^ 

CCS now in question. 

"IV. Function — . — The same may unquestionably be sud t^ 

this function, which represents the mechanical equivalent of ti 
latent heat of evaporation of so much water as tills 1 cubic fbdj 
"n the vaporous than in the liquid state. 
. The volume of one pound of the hquid water ia ttaelf fu 
email to affect the question. 

" VI. The received value of the mechanical equivalent of a mt 
of heat cannot err by so much as sjgth part of its amount. 
Conclusion a. 
" 17. It appears, then, that none of the data from which th 
theoretical calculations ore made are liable to eiTom of a mttga 
tude sufficient to account for the differences between the result* 
of those calculations and the results of Messrs. Fairbaim & Tate'i 
experiments, small as those differences are in a practical point (A 
view. Neither does there appear to have been any cause of eiw 
in the mode of making the experiments. There remains on]] 
to account for those differences the supposition that there yn 
some small diifercnce of molecular condition in the steam, wlioa 
, density was measured in the experiments of Messrs. Fairbaim i 
Tate, above 212°, and the steam, whose total heat of evapoiattonj 
as measured by M, Eegnault, is the most important of the dalA 
of the theoretical formula, a difierence of such a nature as to m ~ 
a given weight of steam in Messrs. Fairbaiia & Tate's eKj 
I menta occupy somewhat less space, and therefore require 80 
I what less heat for its production than the same weight of sb 
a iL Begnault's experiments at the same temperature. Thil 
in molecular condition, of what nature soever it mi 
1, was in all probablHty connected with the iacti th 
|L<B(J"t'"'P"^ q£ "ilLnaasa. 'SuiXiah.'^ & Tate the steoia w 
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^t, whereas, in those nf M. Eegnault, it was in rapid motion 
k tbe boiler towards tbe condenser, It is obvious, however, 

■ in order to arrive at a. definite oouclusion on tliis subject, 
Hier experimental researches are required. 

^9. The following article on Superheated Steam is taken from 

I JUechanice' Magazine: — " It is not very easy to say when the 
t^yment of steam, heated above the temperature due to its 
nenre, waa first proposed as a means of economizing fuel Like 
By other inventjona or discoveries, it ia claimed by several in- 
Bduals, who certainly did not all hit on the idea simultaneoaslj. 

■ weight of evidence goes to show that superheated steam can 
Ke its origin to America, where, some fifteen or twenty years 

II a Mr. Frost conducted some experiments on steam heated 
bt from water. These gave such remarkable results, that the 
Motion of the Institute of Arts and Sciences at New York was 
fed to the subject, which received further development at their 
Bds. Subsequently, Dr. Haycraft, of Greenwich, made a num- 
I of experiments on what he termed 'anhydros steam.' He 
K his plans on an engine with a 9-inch cyKnder and 3 feet 
ue with very considerable success. His apparatus burned out, 
■fever, from its faulty oonstrucfcion, and he appears to have 
kdoned further trials in disgust. Whatever the claims of rival 
||)Kitota may be, it is certain that superheated steam was not 
ttaght prominently before the engineering world until 1856. 
bl857i Mr. Penn's apparatus was fitted on board the ' Valetta,' 
Im. the immediate result of a saving of 30 per cent, in the con- 
■ption of fuel. Since then supeibeated steam has steadily ad- 
Ked in public favour ; indeed, it is far from improbable that 
KBumy years elapse, the employment of the principle will be- 
b All but universal in our steam ships. 

K That a certain amount of economy must follow from the em- 
■Bnent of superheated steam, is as plainly demonstrable as a 
Hiuuatical proposition. What the exact amount may be de- 
Ha altogether on tbe construction of the engine and boiler, and 
HAegree of expansioa at which the engine is worked. It is 
Hiet needless to say that it can never arrive at the pitch which 
■>&st promoters of its apphcation imagined. Frost and Hay- 
w& considered it quite possible to expand steam sevenfold witlv- 
upsuig its tempeiatoie moch. oiec ^^U", TW(.^Vu^^s>^ 
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obviously opposed to theory can never he correct in ptaoti 
the utiuost saviDg of fuel wLich liaa yet been attained being 
per cent,, and this, be it rememberBd, only in cases where i 
boilers have been very defective, and foiled to supply dry al 
to the engines previoudy to the application of the superbeatei 
" Steam not in contact with water, if quite dry, may be oi 
aidered to expand in pretty nearly the same ratio, for b 
increments of heat, as any of the fixed gases, or at the OH 
l-480th of its volume for each degree of Farenheit's thennome 
Thus, by heating it to 480° above its own temperature, it wc 
be doubled in volume, or, if confined, in pressure; bu^ it n 
be remembered, only at a lo.as of sufficient heat to convert a bi 
of vater into as much steam aa would be capable of perfon 
more work than that due to the increase in the volume, or ] 
sure, of the steam superheated. The true sources of economy 
not to be found in any such expansion — although that id, 
course, useful aa far aa it goes — but in the power superheat 
gives us of maintaining tho temperature of the cylindei^ y 
chest, &c, at a very high point, and thus counteracting the e( 
ing efiects due to expansion, and also because all the free n 
or spray, which is suspended in a state of almost infinite si 
division in the steam, is vaporized in passing throngh the 5 
of the superheater, and thua rendered available for the eubseqil 
production of power in the cylinder. Thus, the best boilara a! 
least gain from the employment of the principle when the eaf^ 
do not work expansively, because they produce what ifl nan 
termed diy steam. Boilers of defective design, on the oontti 
very frequently prime continuously; not sufficiently, it is tro^ 
interfere with the working, or endanger the stability of the ■ 
ginea, but still quite enough to be wasteful. Siiperhealjng iO 
liably gives excellent results in such cases, both directly, in 
saving of coal, and indirectly, by preventing the injurious ao 
which ditty water always exerts on valve faces and pistons, 
advantage to be derived in tlis way, however, is as nothing « 

I eompared with the facilities which superheated steam affonlc 

\ caixying expansion to its maximum. 

1 "If we suppose steam of CO lbs. pressure admitted to a q 

1 dfir for one-sixth of the Btr<]lte, we shall find, that whereas ita I 
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I^the stroke, it will, if the strote is a long one, have fallen more 

a consequence of its expansion. ^ tlie cylinder ever 

TToll protectecl outside, it being composed of comparatively thin 

Ij soon hecomes cooled down, to the temperature of the steam 

||<!Oi>tAct with it. Thus, on the commencement of the next 

te, the steam, on entering, ia at once chilled and condensed 

I contact with a metal surface nearly — -from one source or an- 

—100° cooler than itself. The result ia that expansion, 

p Huch circumstances, is a source of waste instead of economy, 

jause, had the steam been tept to full pressure nearly through 

B Stroke, the cylinder would never have had time to cool sulfi- 

tStly to do much harm. The fact of this loss of heat taking 

"tt expanding, unless special provision ia made to prevent it, 

aautifuUy illustrated in Cornish engines without jatkets, the 

a of which, though perfectly tight when near the bottom of 

9 cylinder, are frequently found to blow through at the com- 

t of the down stroke, from the fact that the upper part 

W the cylinder is permanently larger in diameter, owing to its 

^er temperature, than it is near the bottom, where only cooler 

m reaches it. 

'Lagging' a cylinder is only a negative remedy; a means of 

mtion, not of cure. Cylinders waste heat inside as well as 

t, by radiation into the condenser, and the reduction of tempera- 

B due to expansion. Felt and boarils cannot possibly restore 

bi; and unless special means are provided for doing so, it is 

^ly hopeless to expect economy. Fortunately we are not con- 

1 to one arrangement. Four different systems of ' cylinder 

we may term it, are more or less employed. These 

t of a jacket, supplied with saturated or common 

; or with heated air; or with superheated steam; or the 

S of BUperheated steam, to work the engine ; and of all the plana 

fcsdopted, this seems to be almost beyond comparison the best. 

g only does it provide a supply of pure gaseous steam, free from 

s, but it heats perforce every particle of metal with which 

' n contact, so that not the cylinder alone, but the Uds and 

a ate raised directly to the same temperature. The surface 

mted by a large piston is very considerable, and it ia, of 

!, beyond the power of any jacket to provide for the coii- 

a which it may occasion it aot kepV ^V ^ ^'^ ^>;ffit.'-g » .' A 'i^ _ 
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beat of the steam in contact with it Bnt the principal aAvagt 

tage posaeased by superheated steam is the beautiful simplicity ( 
all the arrangements connected with it. As now constructed, & 
necessary apparatus can be provided for about £3 per horse-powf 
uominal. Experience proves that tubes last well, that leoksgi 
are rare, and that the expenses for repairs are am&lL "When ell 
ployed, as — like almost everything else — it should be ia moden 
tion, no danger exists of injury to valve faces or cylinder. 
temperature of 300° to 360° seems most suitable ; andaheat n 
as this certainly cannot injure the moat delicate sur&ce met w 
in a valve or a piston. By its use, simple lagging may act at 
very efficient substitute for the costly and heavy jaetet A litf 
more time, and the experience which follows, aa a matter of coup 
will, we believe, place the superheater in a position which n 
entitle it to be considered indispensable to every stean 
which preteaiis to even a moderate amount of economy." 
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